1^1  Sir 


\ 


MONTANA  DEPARTMENT  OF  AGRICULTURE 
in  cooperation  with 

MONTANA  DEPARTMENT  OF  HEALTH  & ENVIRONMENTAL  SCIENCES 
GREAT  FALLS/CASCADE  COUNTY  HEALTH  DEPARTMENT 

and  the 

U.S.  ENVIRONMENTAL  PROTECTION  AGENCY 


PLE/ 


A 


or 


\ 


RETURN 


irtTE  documents  COLLECTWH 

DEC  101984 


MONt  -\NA  $7. 'ME  LIliSARY 
1515  E.  AVE. 
HtlENA,  MONTANA  59520 


SPECIAL  INVESTIGATIVE  REPORT 
on 

2,4-D  VEGETATIVE  DAMAGES 
and 

WATER  AND  SOIL  POLLUTION 
in 

Great  Falls,  Montana 


March,  1982 


J985 

■'"I 

- ,..101988 

KOV  1 4 19901 

FEB  6 ■ 1991 


i ,'1 ! ! ■«■'  1 n 

1 ? ■'  . ■ f ; 


( 


i' H 


PURPOSE  OF  INVESTIGATION 


1.  To  determine  if  chemical  damage  (i.e.  2,4-D)  was  occurring 
in  the  vicinity  of  the  Garden  Tracts  Subdivision  in  Great 
Falls. 


2.  To  determine  the  extent  of  any  water  or  soil  pollution 
from  chemicals. 


3.  To  determine  the  source  of  any  documented  damages  or 
water  and  soil  pollution  problems. 


in  mm 
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SUMMARY  OF  THE  INVESTIGATION 

In  May,  1980,  the  Great  Falls  City/County  Health  Department  received 
complaints  concerning  chemical  odors  and  vegetative  damages  in  the  southwest 
portion  (Garden  Tract  Subdivision)  of  Great  Falls,  The  complaints  alledged 
that  the  Falls  Chemical  Company  was  the  source  of  the  odor  and  that  chemicals 
released  into  the  air  from  the  plant  were  damaging  trees,  shrubs,  and  other 
plants  in  the  neighborhood.  The  City/County  Health  Department  (CCHD) 
conducted  an  initial  investigation  of  the  plant  and  neighborhood.  CCHD 
requested  the  Departments  of  Agriculture  and  Health  and  Environmental  Sciences 
to  conduct  an  in-depth  investigation.  Several  meetings  were  held  with  the 
Management  of  Falls  Chemical  Company  and  residents  of  Garden  Tracts. 

HISTORY  OF  COMPANY 


This  company  was  originally  owned/operated  by  Haynes  and  Morgan  and  the 
plant  site  was  approximately  7 miles  up  the  Sun  River  from  Great  Falls.  In 
1976  the  company  was  moved  to  its  present  location  in  Great  Falls.  The 
products  formulated  were  2,4-D  and  several  fungicides.  The  company  changed 
hands  in  early  1978  and  became  known  as  Tri-Chem.  In  late  1978  and  early  1979 
Tri-Chem  produced  several  types  of  2,4-D  which  were  determined  to  be 
misformulated  by  the  EPA  and  the  Department  of  Agriculture.  In  early  1979  the 
company  changed  its  name  to  Falls  Chemical  and  in  May  the  plants  management 
was  turned  over  to  new  personnel . 

On  April  3,  1979,  Mr.  Frank  Stogsdill,  EPA,  sampled  pesticides  produced 
by  the  plant  under  the  authority  of  the  Federal  Insecticide,  Fungicide  and 
Rodenticide  Act,  (FIFRA,  as  amended).  Analysis  of  these  samples  determined 
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that  they  were  in  violation  of  FIFRA.  On  May  9,  1979,  Mr.  Tom  Bishop  of  MDA 
sampled  additional  products  which  were  also  determined  to  be  in  violation.  As 
a result  of  these  samples  and  subsequent  investigations  and  meetings  with  the 
company,  an  intensive  recall  of  the  company's  products  was  initiated  in 
cooperation  with  ERA  and  MDA.  This  recall  continued  throughout  much  of  1979. 
In  late  1979  and  1980  the  company  reformulated  these  products.  The  reason  for 
mentioning  this  recall /reformulation  in  1979  and  1980  is  that  the  cleanup  from 

the  reformulation  may  have  contributed  significantly  to  complaints  received  in 
1980. 

In  June,  an  interagency  working  committee  was  established  to  investigate 
the  situation.  The  members  of  this  committee  are  set  forth  in  Appendix  I. 

The  Montana  Department  of  Agriculture  (MDA)  botanist  and  Field  Services  Bureau 
Chief  on  June  18,  1981,  conducted  an  investigation  to  determine  if  2,4-D 
vegetative  damages  were  occurring  and  the  severity  and  extent  of  any  damages. 
Damages  were  documented.  On  the  same  day,  a representative  of  the  Water 
Quality  Bureau,  ^lorltana  Department  of  Health  and  Environmental  Sciences 
(MDHES)  investigated  the  water  pollution  complaints  and  picked  up  samples  for 
laboratory  analysis.  The  final  status  of  the  MDHES  investigation  and  final 
order  are  attached  as  Appendix  II. 

On  June  26,  personnel  from  MDA,  MDHES  (Solid  Waste  Bureau),  CCHD  and  ERA 
responded  to  a request  for  assistance  from  the  Manager  of  Falls  Chemical 
Company  concerning  contaminated  soil  on  the  plant's  property.  As  a result  of 
a meeting  with  representatives  of  Falls  Chemical  Company,  an  investigation  of 
properties,  end  soil  samples  collected  (June  27,  1980)  by  MDA,  an  agreement 
was  reached  on  the  disposal  of  the  contaminated  soils.  A final  report  of  this 
disposal  is  attached  as  Appendix  III. 


On  the  following  dates  June  18,  1980,  July  21,  1980,  and  July  9,  1981, 
the  botanist  of  the  MDA,  with  either  a pesticide  specialist  of  MDA  or  a 
representative  of  CCHD  made  additional  inspections  of  the  Garden  Tract 
Subdivision  and  other  areas  in  the  general  vicinity.  On  June  18,  1980  , the 
botanist  also  investigated  other  areas  in  Great  Falls  for  2,4-D  damages.  The 
results  of  these  investigations  generally  revealed  the  following; 

2,4-D  damage  was  found  on  several  weed  species  (Canada  thistle,  field 
bindweed,  nightshade,  wild  rose)  in  the  slough  area  directly  east  of  the 
chemical  plant  in  both  1980  and  1981. 

Trees  in  residential  areas  to  the  south  of  the  plant  that  showed  2,4-D 
damage  in  both  1980  and  1981  included  box  elder  (which  is  very  susceptible  to 
minute  amounts  of  2,4-D)  and  cottonwood.  Several  elm  and  green  ash  that 
showed  signs  of  damage  in  1980  did  not  exhibit  any  symptoms  of  2,4-D  damage  in 
1981. 

Gardens  in  the  area  were  examined  in  both  1980  and  1981.  Of  all  types  of 
garden  plants  found  (potato,  tomato,  beans,  peas,  squash,  cabbage,  etc.)  only 
tomatoes  showed  any  symptoms  of  typical  2,4-D  damage. 

Maps  of  the  sample  sites  are  enclosed  as  Appendices  IV  and  V.  Appendix 
IV  is  a map  of  the  City  of  Great  Falls  and  vicinity  street  map.  The  area  of 
the  investigation  is  marked.  The  map  (Appendix  V)  is  a straight  line  map  of 
the  area  investigated.  This  map  indicates  the  Falls  Chemical  Company  plant, 
the  rivers,  and  some  residences  and  the  locations  of  the  soil,  vegetation  and 
water  samples. 

The  results  of  the  vegetative,  water  and  soil  samples  collected  on  June 
26,  1980,  July  21,  1980,  August  15,  1980,  February  24,  1981,  March  12,  1981, 
April  29,  1981,  and  May  28,  1981,  are  set  forth  in  Appendix  VI.  This  same 
report  includes  the  air  sample  results  collected  November  13,  1980,  November 
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14,  1980,  January  20  and  21,  1981,  March  12  and  13,  1981,  April  28  and  29, 
1981,  and  May  27  and  28,  1981.  These  samples  were  collected  by 
representatives  of  the  MDA  and  CCHD. 

In  July  and  August  an  air  monitor  program  was  discussed  and  established 
by  MDA,  MDHES,  ERA,  CCHD  and  MEIC  (National  Enforcement  Investigations 
Center).  In  August  this  program  was  implemented.  NEIC  trained  the  state  and 
county  employees  and  the  MDA  laboratory  further  refined  the  analytical 
procedures.  In  November,  1980,  and  in  January,  March,  April  and  May  samples 
were  collected  and  analyzed  for  2,4-D  residues.  A map  marked  as  Appendix  VII 
indicates  the  location  of  the  air  sampling  stations.  The  results  of  this  air 
sampling  are  set  forth  as  Appendix  VI. 

The  laboratory  determined  that  air  suspected  of  containing  2,4-D  could  be 
pumped  through  Sep  Paks  (a  small  cartridge  containing  absorbent  material).  It 
was  theorized  that  the  more  volatile  2,4-D  esters  would  be  absorbed  on  the 
cartridge  material  while  the  less  volatile  2,4-D  acids  and  particulate  matter 
are  retained  at  the  surface  of  the  cartridge  material.  The  trapped  contents 
were  eluted  from  the  Sep  Paks  with  an  organic  solvent  and  detected  by  Gas 
Liquid  Chromatography.  It  was  found  that  2,4-D  acid,  2,4-D  isobutyl  ester, 

2,4-D  isooctyl  ester  and  MCPA  acid  could  be  eluted  and  separately  detected  by 
GLC-ECD. 

Samples  were  collected  from  the  area  surrounding  the  plant  in  November 
(1980),  January,  March,  April  and  May  of  1981.  Analysis  of  these  air  samples 
indicate  that  2,4-D  and/or  its  analogs  was  not  being  moved  by  air  (wind)  from 
the  Falls  Chemical  property. 

2,4-D  was  detected  directly  on  top  of  the  formulation  plant.  The  results 
show  that  very  low  levels  of  2,4-D  (as  acid  equivalent  (AE)  isobutyl  ester 
(IBE)  and  isooctyl  ester  (lOE)  were  present. 
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The  sample  analysis  from  all  of  the  other  sites  indicate  that  2,4-D  was 
not  detected.  In  general  terms  this  would  indicate  that  2,4-D  was  not  being 
moved  from  the  plant  area. 

Sample  number  2656  (collected  on  April  28,  1981,  at  the  site  located  at 
305  9th  Avenue  South)  shows  positive  results  for  2,4-D  (IBE  and  lOE)  This 
sample  indicated  that  2,4-D  was  collected  off  the  plant  site.  The  wind,  based 
upon  National  Weather  Service  data,  was  from  the  southwest  at  an  average  speed 
of  8.6  miles  per  hour  on  April  27  and  from  the  southwest  at  21.7  miles  per 
hour  on  April  28.  Refer  to  Appendix  VIII  Weather  Data  - Great  Falls  for 
temperature,  wind  speed  and  direction  conditions.  The  2,4-D  in  this  sample 
was  probably  not  from  Falls  Chemical,  but  from  an  unknown  source. 

The  interpretation  of  the  analysis  of  the  air  samples  needs  to  be 
explained.  First  of  all  it  must  be  understood  that  the  analytical  results 
only  indicate  whether  2,4-D  and/or  its  analogs  were  present  in  the  samples. 

The  results  are  reported  in  micrograms  per  Sep  Pak  (ug/Sep  Pak).  These 
results  cannot  be  converted  into  units  such  as  parts  per  million  (ppm)  or 
parts  per  billion  (ppb).  Nor  can  they  be  converted  into  such  units  as 
micrograms/cubic  meter  (ug/m  ).The  only  interpretation  that  can  be  made  with 
any  accuracy  is  as  follows:  Sample  number  2660  indicates  that  3.31  ug/Sep  Pak 
of  IBE  was  found.  The  interpretation  that  can  be  made  is  that  3.31  ug  of 

I 

IBE/2.268  cubic  meters  of  air  was  found  in  a twenty-four  hour  period. 

The  air  samples  were  collected  over  a 24  hour  time  period.  The  volume  of 
air  that  went  through  the  Sep  Pak  was  2.268  cubic  meters  during  the  entire  24 
hour  time  period  the  3.31  ug  were  collected.  It  is  not  possible  to  determine 
if  the  2,4-D  was  collected  uniformly  over  the  entire  24  hours  or  during  a 
specific  time  period. 
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A typicel  adult  male  would  breathe  11.52  m"^  of  air  in  a 24  hour  period. 
Therefore,  based  on  sample  number  2660,  an  adult  male  would  breath  in  16.783 
ug/24  hours  (16.783  ug  = 0.06783  mg)  or  approximately  1.7%  of  the  daily 
threshold  limit  value.  The  threshold  limit  value  for  2,4-D  in  air  is  10  mg/m^ 
as  of  1979.  The  tentative  short  term  exposure  limit  is  20  mg/m^. 


GENERAL  FINDINGS 

Vegetative  Damages 

1.  Some  of  the  residents  of  Gardens  Tracts  Subdivision  did 

experience  2,4-0  vegetative  damages  and  some  soils  had  varying 
levels  of  2,4-D  in  1980  and  1981.  (Damages  were  also  reported 
in  1979).  The  primary  damage  in  1980,  was  to  deciduous  trees 
and  shrubs.  Some  damages  were  observed  in  gardens.  These 
damages  and  the  correlation  of  analytical  results  indicate  that 
the  vegetative  damages  are  most  likely  not  permanent.  The 
damages  experienced  in  1980  were  more  prevalent  then  those 
experienced  in  1981. 

The  vegetative  damage  observed  south,  southeast  and  southwest 
of  the  plant  is  primarily  the  result  of  volatilization  of  2,4-D 
esters  from  the  plant.  These  damages  are  sporadic  not  only  in 
terms  of  distance  from  the  plant  but  also  in  terms  of  the 
location  of  the  damages  on  the  trees  and  ornamentals 
themselves.  Some  vegetation  near  the  plant  seems  to  be 
unaffected,  while  vegetation  further  away  from  the  plant  is 
affected.  The  location  of  the  vegetative  damage  in  some  areas 
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is  at  the  top  of  trees  and  in  other  areas  near  the  ground  or  on 
low  growing  ornamentals  or  garden  plants. 

This  is  not  an  unusual  occurrance  based  upon  past  experience  of 
pesticide  application  drift  or  volatilization  problems  in  an 
agricultural  setting.  Nor  is  it  unusual  based  upon  the 
movement  of  air  in  the  environment  in  combination  with  various 
levels  of  2,4-D  being  transported  by  air. 

A brief  description  of  the  effect  of  2,4-D  on  vegetation,  its 
behavior  in  or  on  soil  and  its  toxicological  properties  ere 
attached  as  Appendix  IX. 

The  damages  experienced  in  1980  are  probably  the  result  of  the 
formulation  process  for  2,4-D  and  the  reformulation  and 
container  crushing  operation  initiated  by  the  company  in  early 
1980. 

In  1979,  ERA  and  MDA  sampled  2,4-D  pesticides  formulated  by  the 
plant.  Analysis  of  these  samples  determined  that  they  violated 
the  Federal  Insecticide,  Fungicide  Rodenticide  Act  (FIFRA)  as 
amended.  These  results  resulted  in  a massive  recall  of  the 
company's  products  in  1979  and  reformulation  of  these  products 
in  1980.  The  current  management  of  Falls  Chemical  was  not 
involved  in  the  original  forttiulation  of  the  products,  but  was 
involved  in  their  reformulation.  It  should  be  noted  that  the 
cooperation  end  concern  of  the  present  managers  has  been 
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excellent  in  significantly  improving  the  total  operation  of  the 
plant. 

The  reason  for  mentioning  the  recall/reformation  problem  in 
1979  and  1980  is  that  the  reformulation  and  subsequent  cleanup 
may  have  contributed  significantly  to  the  complaints  and 
vegetative  2,4-D  damages  experienced  in  1980.  This  company 
formulates  various  types  of  2,4-D  (amine,  low  volume  esters, 
butyl  esters  and  MCPA).  The  amine  and  MCPA  products  did  not  in 
all  probability  cause  the  vegetative  damages.  The  ester 
products,  because  of  their  propensity  to  volatilize  and  drift 
may  have  created  the  vegetative  damages. 

Special  note  should  be  taken  that  while  the  MDA  believes  much 
of  the  vegetative  damages  occurred  from  the  reformulation 
process,  it  would  be  incorrect  to  assume  that  some  of  these 
damages  may  not  have  been  a result  of  landowner  use  of  2,4-D  in 
the  community. 

2.  The  damages  to  the  vegetation  east  and  southeast  of  the  plant 
are  much  more  complicated.  The  trees  in  this  area,  based  upon 
conversations  with  various  parties  and  staff  observations,  were 
already  dead,  dying  or  stressed  by  other  conditions.  These 
conditions  may  involve  other  chemicals  from  industrial  wastes 
which  may  have  previously  been  disposed  of  in  this  area.  The 
general  land  area  around  the  plant  was  built  up  from  excavation 
and  industrial  materials.  Underground  seepage  and/or  runoff  of 
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these  materials  or  chemicals  may  have  affected  the  trees. 
Certainly  the  2,4-D  runoff  from  the  chemical  company  property 
added  to  the  stress  on  these  trees,  i.e.  see  the  report 
(Appendix  II)  of  MDHES  on  water  pollution.  2,4-D  was  found  in 
the  soil,  water  and  vegetation  in  the  swampy  area  where  these 
trees  were  located. 

The  damages  to  vegetation  in  this  area  by  Great  Falls  and  those 
damages  south  and  southwest  of  the  plant  observed  in  1981  were 
either  the  result  of  2,4-D  residues  remaining  from  1980  or  from 
the  application  of  2,4-D  to  other  land  in  1981.  The  air 
sampling  program  in  1981  did  not  show  any  2,4-D  in  the  ambient 
air  around  the  plant.  The  exception  to  this  is  the  extremely 
low  levels  found  at  the  formulation  plant  itself. 


ODOR 


The  odor  complaints  in  1980  were  most  likely  a result  of  the  outdoor 

reformulation  of  2,4-D  at  the  plant  and  the  puddling  of  2,4-D  on  the  soil 

\ 

around  the  plant  site.  The  number  of  odor  complaints  were  less  in  1981  than 
in  1980  which  indicates  that  pollution  control  efforts  at  the  plant  have 
significantly  improved.  Odor  does  not  necessarily  mean  the  2,4-D  acid  is 
present  at  levels  that  will  result  in  vegetative  damages. 

In  1980,  the  company  packaged  Malathion.  This  chemical  has  a very  strong 
odor,  which  may  have  been  one  of  the  sources  for  the  complaints  of  odors. 


WATER  AND  SOIL 

The  residues  found  in  the  water  and  soil  in  and  around  the  plant  were  due 
to  past  operations  and  the  outdoor  reformulation  operations.  Runoff  from  the 
plant's  property  because  of  the  drainage  patterns  in  the  area  caused  the 
prin'ary  soil  and  v/ater  pollution  problems.  Reference  Appendices  II  and  III 
concerning  these  matters. 


CONCLUSIONS 


Vegetative  Damages 

Some  vegetation  in  the  general  vicinity  of  the  plant,  in  Garden  Tracts 
Subdivision  and  along  the  Missouri  River  showed  typical  2,4-D  damages  in  1980 
and  1981.  These  damages  were  in  all  probability  primarily  due  to  the 
reformulation  of  2,4-D  in  1980  by  the  Falls  Chemical  Company.  Some  of  the 
damages  may  also  have  been  caused  by  the  normal  formulation  process  or  actual 
use  of  2,4-D  in  the  community. 

The  general  area  around  the  plant  was  developed  from  the  disposal  of  slag 
materials.  The  slag  is  4 to  6 feet  deep  and  has  a pH  of  about  4 (personal 
communication  city  county  health  department).  The  severe  damage  to  the  trees 
along  the  Missouri  River  may  have  been  due  to  the  effects  of  seepage  from  the 
slag  materials  and  possibly  chemicals  incorporated  into  the  fill  from  previous 
years.  Additional  damages  to  these  trees  may  have  resulted  from  the  operation 
of  Tri-Chemical  and  the  movement  of  waste  chemicals  into  the  slough  area  and 
trees.  Certainly  some  2,4-D  damage  resulted  from  the  movement  of  2,4-D  into 
the  slough  from  the  reformulation  process  conducted  outside  of  the  plant. 
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Observations  by  the  Department  of  Agriculture's  botanist  and  pesticide 
specialists  and  the  analytical  results  on  vegetation  verified  the  vegetative 
damages.  The  damages  observed  in  1981  were  significantly  less  than  those 
observed  in  1980. 

Soil  contamination 

Soil  residues  in  1980  and  1981  were  verified  by  laboratory  analysis.  The 
soil  residues  in  the  area  were  at  significantly  lower  levels  than  those  found 
in  1980.  Refer  to  Appendix  III  for  the  disposal  of  the  contaminated  soil  from 
the  companies  plant  area. 

The  company's  cooperation  has  basically  eliminated  any  further  soil 
contamination  problem  on  or  off  the  plant's  property.  The  residues  found  in 
soil  in  1980  off  the  plant's  property  have  degraded  and  should  continue  to 
degrade. 

Water  Contamination 

The  water  samples  collected  in  1981  were  all  negative  for  2,4-D  except 
from  the  company's  discharge  into  a small  holding  area.  Reference  Appendix  II 
for  the  specific  cooperative  program  to  prevent  water  pollution  between  the 
company  and  the  Montana  Department  of  Health  and  Environmental  Sciences.  The 
department  recommends  that  the  company  continue  to  monitor  the  two  wells  end 
the  cooling  water  and  submit  the  analytical  results  periodically  to  the  Water 
Quality  Bureau. 

Air  Monitoring 

The  air  monitoring  program  and  results  have  already  been  set  forth  in 
this  report.  Due  to  cooperation  and  the  management  system  of  the  company  and 
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the  pollution  control  equipment  utilized  in  1981,  the  possibility  of  2,4-D  air 
pollution  from  the  plant  has  been  significantly  reduced  or  eliminated. 

Hum.an  Health 

Enclosed  are  several  documents  on  human  health  in  relationship  to  2,4-D. 
Appendix  X is  the  latest  materials  from  ERA,  and  Appendix  XI  is  a current 
literature  review  on  2,4-D  prepared  by  the  Department  of  Agriculture. 

Based  upon  all  the  information  collected  through  this  investigation  and  a 
review  of  recent  information  any  potential  adverse  effects  on  humans  were 
extremely  low  or  non  existent.  However,  the  human  health  issue  should  only  be 
determined  by  physicians  and  recognized  toxicologists.  No  indepth 
epidemiological  or  toxicological  studies  were  conducted  on  plant  workers  or 
citizens  in  the  area.  Any  definitive  conclusions  on  human  health  must  be 
based  upon  the  cooperative  investigation  and  diagnosis  by  physicians 
toxicologists  and  epidemiologists. 


LEGAL  CONSIDERATIONS 


No  federal,  state  or  local  agency  has  a law  that  directly  controls  the 
operation  of  any  chemical  formulation  plant  in  Montana. 

The  Environmental  Protection  Agency  has  lin>ited  responsibilities  under 
the  Federal  Water  Pollution  Control  Act,  the  Federal  Insecticide,  Fungicide 
and  Rodenticide  Act  and  the  Clean  Air  Act.  The  acts  primarily  deal  with  the 
use  of  the  product  formulated,  the  discharge  of  pollutants  to  surface  waters 
and  emissions  of  specifically  listed  pollutants  (pesticides  are  not  listed). 

The  Department  of  Agriculture  has  responsibility  to  investigate  pesticide 
incidents.  However,  prior  to  October  1,  1981,  no  enforcement  for  incidents  of 
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this  type  was  allowed.  The  1981  legislative  revision  to  Sections  80-8-304  (2) 
and  80-8-305  (2)  iriay  assist  in  improving  the  departmental  capabilities  to 
investigate  and  prosecute  such  incidents. 

The  Department  of  Health  and  Environmental  Sciences  administers  programs 
controlling  the  release  of  pollutants  to  air  and  water  and  regulating  the 
management  of  solid  waste  and  hazardous  waste  materials.  Authority  for  these 
programs  is  derived  from  the  Montana  Clean  Air  Act,  Montana  Water  Quality  Act, 
Montana  Solid  Waste  Management  Act  and  Montana  Hazardous  Waste  Act, 
respectively.  Effective  controls  over  the  management  of  hazardous  wastes, 
including  pesticide-related  wastes,  did  not  exist  prior  to  November  1980. 

The  City/County  Health  Department  (CCHD)  will  provide  first  contact  for 
complaints,  field  investigations,  and  sampling  (soil,  water  and  air)  as  needed 
along  with  providing  liaison  and  coordination  of  activities  between  and  for 
other  agencies.  The  City/County  Health  Department  has  no  enforcement  powers 
with  regard  to  pesticides. 

Falls  Chemical  Company  has  made  significant  efforts  in  improving  their 
management  system  for  the  plant  to  prevent  the  various  problems  experienced  in 
1980.  The  new  management,  based  upon  public  statements,  have  a strong  desire 
and  commitment  to  prevent  any  type  of  pollution  from  their  plant  and  to  be  a 
good  neighbor  to  the  city  of  Great  Falls  and  its  residents. 

RECOMMENDATIONS 


Falls  Chemical  Company  should  continue  their  improved  management 
system  to  prevent  air,  soil,  water  and  vegetative  damages  from 
occurring  when  formulating  and  packaging  pesticides. 
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Falls  Chemical  Company  should  regularly  monitor  its  two  wells  and 
the  cooling  water  and  submit  the  analytical  results  to  the  Montana 
Department  of  Health  and  Environmental  Sciences. 

The  various  agencies  should  periodically  monitor  the  area  to  insure 
no  environmental  or  health  problems  occur  in  the  future. 
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Appendix  I 


Interagency  Working  Committee 


Coordinator  Gary  Gingery 


Steve  Pilcher 


Dave  Maughan 
Hank  Custin 


Environmental  Management  Division,  Montana 
Department  of  Agriculture 

Water  Quality  Bureau  Division  of 
Environmental  Science,  Department  of  Health 
and  Environmental  Sciences 

Air  Quality  Bureau  Division  of  Environmental 
Science,  Department  of  Health  and 
Environmental  Sciences 


Dick  Montgomery  - Environmental  Protection  Agency 

Roger  Thorvilson  - Solid  Waste  Management  Bureau,  Division  of 

Environmental  Sciences,  Department  of  Health 
and  Environmental  Sciences 


Peter  Frazier 


City  County  Health  Department 


Director  of  Departments: 

W,  Gordon  McOmber 
Dr.  John  Drynan 

Donald  Pizzini 
Max  Dodson 


Department  of  Agriculture 

Department  of  Health  and  Environmental 
Sciences 

City  County  Health  Department 
Environmental  Protection  Agency 
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BEFORE  THE  DEPARTMENT  OF  HEALTH  AND  ENVIRONMENTAL  SCIENCES  OF  THE 
STATE  OF  MONTANA 


In  the  matter  of  Falls  Chemical 
Company  located  in  Great  Falls, 
Montana 


NOTICE  OF  VIOLATION 
and  ORDER 


TO  TAKE  CORRECTIVE  ACT I ON 
No.  80/06 

Comes  new  the  Montana  Department  of  Health  and  Environmental 
Sciences  and  hereby  makes  the  following  Findings  of  Fact: 


tINDINGS  OF  FACT 

1.  The  Montana  State  Department  of  Health  and  Environmental 
Sciences  ("Department")  is  a Department  of  the  e>:ecutivo  branch  of 
government,  duly  created  and  existing  under  and  by  virtue  of  the 
laws  of  the  State  of  Montana  (Section  2-15-2101,  MCA). 

2.  That  Falls  Chemical  Company  (FCC)  is  a Corporation  of 
Montana,  qualified  to  do  business  in  the  State  of  Montana. 

3.  That  FCC  conducts  business  at  the  BN  Westside  Industrial 
Sxte  an  Great  Falls,  Cascade  County,  Montana,  specifically  located 
in  Section  11,  Township  20  North,  Range  3 East. 

4.  That  FCC  operates  a herbicide  and  pesticide  formulation, 
.torage  and  distribution  site  at  the  location  described  in  paragraph 

5.  That  2,4-dicloropheno.xyacetic  acid  (ester)  herbicide, 
:ommonly  known  as  2,4-D  is  formulated  at  FCC. 

6.  That  FCC  has  violated  the  Montana  Water  Quality  Act 

-'^^-Pter  5,  MCA),  specifically  section  75-5-COI^  MCA. 

7.  Tjiat  pursuant  to  section  75-5-101  m mob  • *-  • 

lUlU),  MCA,  It  IS  the  public 

olicy  of  the  State  of  Montana  to: 

and  improving  the^quaii protecting,  maintaining, 
public  water  supplies 


8. 


That  section  75-5-605  , MCA,  states  as  follows: 
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" (1)  1 1 is unlawful  to: 

(a)  cause  pollution  as  defined  in  75-5-103 
of  any  state  waters  or  to  place  or  cause  to  be 

p laced  any  ivas  bos  in  a location  where  they  arc 
1 i l.elv  1.0  c:.riuse  [JolluEion  ot  any  state  watersT 

(b)  violate  any  provisions  set  forth^In  a 
permit  or  stipulation,  including  but  not  limited 
to,  limitations  contained  therein; 

(c)  violate  any  order  issued  pursuant  to 
this  chapter;  or 

(d)  violate  any  provision  of  this  chapter. 

(2)  It: is  unlawful  to  carry  on  any  of  the 

following  activities  without  a current  permit 
from  the  Department; 

(a)  construct,  modify,  or  operate  a disposal 
system  which  discharges  to  any  state  waters; 

(b)  construct  or  use  any  outlet  for  the 
discharge  of  sewage,  industrial  waste,  or  other 
wastes  into  any  state  waters;  or 

(c)  discharge  sewage,  industrial  wastes,  cr 
other  wastes  into  any  state  waters."  [Emphasis  added] 

That  section  75-5-103(5),  MCA,  defines  "pollution" 


(5)  "Pollution"  moans  contamination  or  other 
alterations  of  the  physical,  chemical,  or  biological 
Properties  of  any  state  waters  which  exceeds  that  per- 
mitted by  Montana  water  quality  standards,  including  but 
not  limited  to  standards  relating  tc  change  in  temperature, 
taste,  color,  turbidity,  or  odor;  or  the  discharge,  seepage, 
‘drainage,  infiltration,  or  flow  of  any  liquid,  gaseous, 
solid,  radioactive,  or  other  substance  into  any  state 
water  which  will  or  is  likely  to  create  a nuisance  or 
render  the  waters  harmful,  detrimental,  or  injurious  to 
public  health,  recreation,  safety,  welfare,  livestock, 
wild  animals,  birds,  fish,  or  other  wildlife.  A discharge 
seepage,  drainage,  infiltration  or  flow  which  is  authorized 
^dcr  the  pollution  discharge  permit  rules  of  the  board 
IS  not  pollution  under  this  chapter. 

10.  That  section  75-5-103(9),  MCA,  defines  "state  waters" 


(^)  State  waters"  means  any  body  of  water,  irrigation 
system,  or  drainage  system,  either  surface  or  underground; 
however,  this  subsection  does  not  apply  to  irrigation 
waters  whero^the  waters  are  used  up  within  the  irrigation 
system  and  the  waters  are  not  returned  to  any  ocher  state 
waters. 


11.  That  section  75  5-103(2),  MCA,  defines  "industrial  waste" 


(2)  'Industrial  waste"  means  any  waste  substance 
from  the  process  of  business  or  industry  or  from  the 
development  of  any  natural  resource,  together  with  any 
sewage  that  may  bo  present. 


2 


n 

I 

2 

3 

4 

5 

6 

7 

6 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


12.  That  the'  Missouri  River  and  a connecting  slough  are 
in  close  proximity  to  FCC. 

13.  That  the  Missouri  River  and  connecting  slough  arc  state 

/ 

waters. 

14.  That  2,4-D  is  an  industrial  waste. 

15.  That  on  May  16,  1980,  Mr.  Mike  Pasichnyk  of  the  Water 
Quality  Bureau  of  the  Department  inspected  FCC. 

16.  That  during  his  inspection  of  May  16,  1980,  Mr.  Pasichnyk 
observed  a fenced  storage  area  located  approximately  200  yards  from 
the  Missouri  River  containing  industrial  waste,  including  2,4-D,  at  FCC 

17.  That  on  May  29,  1980,  Mr.  Pasichnyk  reinspected  FCC. 

18.  That  during  his  inspection  of  May  29,  1980,  Mr.  Pasichnyk 
collected  water  samples  from  the  slough. 

19.  That  the  samples  collected  on  May  29,  1980,  indicated  the 
following  concentration  of  2,4-D: 

1800  micrograms  per  liter  (as  acid) 

20.  That  on  June  10,  1980,  Mr.  Pasichnyk  again  inspected  FCC. 

21.  That  during  his  inspection  of  June  10,  1980,  Mr.  Pasichnyk 
collected  water  samples  from  3 sites  near  FCC.  The  3 sites  are  as 
follows: 

a.  The  slough. 

b.  The  Missouri  River  just  above  the  slough. 

c.  The  Missouri  River  just  belovj  the  slough. 

22.  That  the  samples  collected  on  June  10,  1980,  indicated  the 
following  concentrations  of  2,4-D: 

550  mj  v.rograiiis  per  li;:er  (as  acid) 
<0.05  micrograms  per  liter  (as  acid) 

2.8  micrograms  per  liter  (as  acid) 

23.  That  Fee's  actions  as  described  herein  are  unlav;ful  pursuant 

to  section  75-5-60 5 ( 1 ) (a) , MCA , since  the  placement  of  2,4-D 
(industrial  waste)  in  a storage  area  located  approximati:ly  200  yard.; 


b.  The  Missouri  River 

just  above  the  slough 

c.  The  Missouri  River 

just  below  the  slough 
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from  the  Missouri  River  and  connecting  slough,  constitutes  the 

pldceirent  of  wastes  in  a location  where  they  are  likely  to  cause 
pollution  of  state  waters. 

24.  That  Jr'CCs  actions  as  described  herein  are  unlawful 

pursuant  to  section  75-5-605(1)  (a),  MCA,  because  the  discharge, 

seepage,  drainage,  infiltration  or  flow,  of  2,4-D  (industrial 
waste)  to  state  waters'  is  likely  to  render  the  waters  harmful, 
detrimental  or  injurious  to  public  health,  recreation,  safety, 
welfare,  livestock,  wild  animals,  birds,  fish  or  other  wildlife. 

25.  That  pursuant  to  section  75-5-611,  MCA,  the  Department  is 
authorized  to  serve  notice  on  an  alleged  violator  if  it  has  reason 
to  believe  that  a violation  of  Title  75,  Chapter  5,  MCA,  or  a rule 
adopted  pursuant  to  it  has  occurred. 

26.  That  pursuant  to  section  75-5-611,  MCA,  the  Department  is 
authorized  to  require  corrective  action  for  violations  and  specify 
a time  in  which  the  corrective  action  must  be  implemented  and 
achieved. 

27.  Ultimate  Finding  and  Conclusion.  Therefore,  FCC  is  in 
violation  of  section  75-5-605 (1) (a) , MCA. 

ORDER  TO  TAKE  COFIRECTIVE  ACTION 

Based  on  the  foregoing  Findings  of  Fact  and  pursuant  to 
section  75-5-611,  MCA,  IT  IS  HEREBY  ORDERED: 

1.  That  FCC  shall  cease  and  not  cause  pollution  of  state  waters. 

2.  That  by  no  later  than  October  1,  1980,  FCC  shall  submit 
a compliance  plan  to  the  Department  for  its  review  and  approval 

ouaxj.  uo  uesig.ieu  co  eliminate  the  discharge,  seepage, 
drainage.  Infiltration  or  flow  of  2,4-D  (industrial  waste)  to 
state  waters. 

a.  That  said  compliance  plan  shall  contain 
a compliance  schedule  setting  forth  the  specific  dates 
by  which  the  enumerated  corrective  measures  shall  be 
implemented  and  achieved. 
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3.  That  by  no  later  than  November  15,  1980,  FCC  shall 
have  fully  implemented  and  achieved  its  compliance  plan. 

4.  An  extention  will  only  be  granted  from  any  date  established 

in  this  Order,  if  requested  in  writing  by  FCC  and  granted  by  the 
Department  in  writing.  •' 


lou  are  entitled  to  request  a hearing  before  the  Board  of 
Health  and  Environmental  Sciences  and  a waiver  of  formal 
proceedings,  pursuant  to  section  75-5-611  (3)  and  2-4-603,  MCA, 
respectively,  if  the  requests  are  made  in  writing  and  filed  with 
Dr.  A.  C.  Knight,  Director  of  the  Department,  Cogswell  Building, 
Helena,  Montana,  59601,  no  later  than  30  days  after  service  of 
this  Notice  and  Order.  A copy  of  the  request  must  be  sent  to 
the  Legal  Division  at  this  same  address.  Failure  to  notify  Dr. 
Knight  in  the  30  days  prescribed  will  result  in  the  finality 
and  er forceability  of  this  Notice  and  Order.  -If  you  request  a 
hearing,  you  have  the  right  to  be  represented  by  legal  counsel. 

DATED  thxs  ' ~ day  of  August,  1980. 


OPPORTUNITY  FOR  ADMINISTRATIVE  REVIEW 


A.  C.  Knight,  M.D.,  Director 
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DEPARTMENT  OF  HEALTH  AND  ENVIRONMENTAL  SCIENCES 


TED  SCHWINDEN.  GOVERNOR 


COGSWELL  BUILDING 


STATE  OF  MONTANA- 


August  3,  1981 


HELENA.  MONTANA  59620 


Mitchell  R.  McVay 
Falls  Chemicals,  Inc. 

P.O.  Box  2345 
Great  Falls,  MT  59403 

Dear  Mr.  McVay: 

This  letter  \dll  serve  as  a follow-up  to  ny  visit  of  July  20,  1981.  As  we 
agreed  that  day,  your  two  monitoring  wells  to  be  located  northeast  of  and 
southeast  of  your  formulation  building  should  be  sufficient  to  detect  any 
spillage  of  2-4-D  which  has  occurred  or  does  occur, "and  migrates  through 
the  groundwater  toward  tlie  river. 


Although  we  did  not  discuss  specifics  of  any  monitoring  program,  I would 
suggest  the  following  sampling  protocol  as  a minimum  acceptable  to  the 
Department: 

(a)  weekly  analyses  of  the  cooling  water  being  discharged 
to  the  infiltration  pond  to  prove  the  absence  of  2-4-D, 

(b)  bi-weekly  sanples  from  the  monitoring  wells  during  oper- 
ation of  the  plant, 

(c)  monthly  samples  from  the  wells  during  shutdown  season 
to  prove  the  absence  of  any  delayed  movement  of  2-4-D 
due  to  the  slow-movement  common  in  groundwaters.  Re- 
sults of  this  sampling  regimen  should  be  reported  to 
the  Water  Quality  Bureau  on  a regular  basis. 

Some  modifications  of  the  monitoring  program  could  be  considered  after  one 
year  depending  on  the  results  obtained  during  the  first  year's  monitoring. 

Finally,  the  Department  anticipates  requesting  that  you  "split"  some  samples 
with  the  Department  in  order  to  verify  sample  results.  We  will  contact  you 
later  in  this  regard. 

Thank  you  for  your  cooperation.  Please  advise  us  promptly  of  the  specific 
monitoring  program  you  adopt. 


Sincerely, 


Frederick  C.  Shewman,  P.E. 

Water  Quality  Bureau 
Environmental  Sciences  Division 


cc:  -Frank  Crowley,  Legal  Division 
-Cascade  County  Sanitarian 


FCS:jh 
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ALEXANDER  8c  BAUCUS 
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P O BOX  IT44 

GREAT  FALLS.  MONTANA  S9A03 


AREA  COOS  40« 
TELEPHONE  7St-4SOO 


September  30,  1981 


Mr.  Frederick  C.  Shewman 
Quality  Bureau 

Environmental  Sciences  Division 
Department  of  Health  and 
Environmental  Sciences 
Cogswell  Building 
Helena,  Montana  59620 

Re:  Falls  Chemicals,  Inc. 

Dear  Mr.  Shewman: 

This  letter  is  a belated  response  to  yours  of  August  3 directed 
to  Mitchell  McVay  at  Falls  Chemicals,  Inc.  I apologize  for  the  delay 
in  responding  to  your  letter.  My  trial  schedule  has  been  particularly 
hectic  and  I have  not  had  an  opportunity  to  devote  the  required 
attention  to  this  matter.  I did  meet  with  my  client  to  discuss  your 
letter  and  trust  that  this  response  will  be  acceptable  even  though 
tardy. 

The  monitoring  wells  have  of  course  been  placed  according  to  the 
agreement  of  all  concerned  in  accordance  with  prior  discussions.  With 
respect  to  the  sampling  protocol  you  mention  in  your  letter,  some  of 
the  suggestions  did  cause  concern  to  my  client  because  of  the  prohibi- 
tive costs  involved.  While  Falls  Chemicals  has  consistently  maintained 
the  position  that  it  was  willing  to  cooperate  with  your  department  in 
protecting  the  quality  of  water  in  this  state,  it  has  also  maintained 
that  the  cooperation  must  be  reciprocal  and  all  expenses  should  not  be 
borne  solely  by  the  company.  While  financial  practicality  is  not  the 
only  concern,  it  must  be  given  some  consideration.  However,  part  of 
the  problems  encounterd  by  my  client  with  your  suggestions  have  been 
or  will  be  corrected  by  the  passage  of  time.  Monitoring  requests  (a) 
and  (b)  should  be  moot  by  commitment  to  a sanitary  sewer  system  at  the 
production  facility.  This  will  eliminate  all  flow  of  cooling  water  to 
the  infiltration  pond. 

The  suggestion  in  subpart  (c)  for  monthly  samples  due  to  the  slow 
movement  common  in  ground  waters  reflects  the  actual  conditions 
throughout  the  year.  The  sanitary  sewer  line  is  scheduled  for  completion 


r Mr.  Frederick  C.  Shewman 

September  30,  1981 
Page  2 


on  October  2,  1981,  as  part  of  the  site  development  plan  of  Falls 
Chemicals.  The  sanitary  sewer  should  eliminate  the  primary  source  of 
any  potential  contamination  since  the  sanitary  sewer  system  is  con- 
trolled by  permit.  The  segregated  waste  water  plan  of  the  company  is 
not  yet  complete  but  does  include  spill  containage  as  outlined  in 
prior  correspondence  and  meetings.  This  spill  containment  will 
minimize  the  chances  of  contaminating  ground  water  and  does  not 
justify  the  expense  of  monthly  sampling.  Naturally,  at  all  stages  of 
the  site  development  appropriate  governmental  agencies  have  control 
over  the  sufficiency  of  the  plans  in  order  to  protect  the  environment. 
In  short,  subpart  (c)  of  your  request  will  be  unncessary  once  the  site 
development  plan  is  completed. 

Falls  Chemicals  has  always  maintained  the  position  that  you  are 
entitled  to  as  many  as  samples  from  the  monitoring  wells  as  you 
require.  Falls  Chemicals  will  assist  you  in  obtaining  the  samples  if 
you  desire.  If  you  have  further  questions,  please  advise.  Thank  you. 

Sincerely  yours, 

ALEXANDER  & BAUCUS 


WET: vs 

cc:  Mr.  Bruce  Eberwine 

Falls  Chemicals 
P.  0.  Box  2345 
Great  Falls,  Montana  59403 
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3epcvi  merit  ot  Health  and  EMronmental  Sciences 


\ (.a 


STATE  OF  MCIMTANA  HELENA,  MONTANA  5«>01 


Solid  Waste  Managenent  Bureau 
Cogswell  Building,  Room  A201 


Helena,  MT  59601 
Telephone:  (406)  449-2821 


A C Knight.  M D..F  C C P 
Director 


Septonber  3,  1980 


Mr.  Bruce  Ebenvine,  Mgr. 

Falls  Chemical  Company 
P.  0.  Box  2345 
Great  Falls,  MT  59403 

Dear  Mr.  Eberwine: 

This  letter  is  in  response  to  your  request  in  June  of  this  year  to  the 
Montana  Department  of  Agriculture  for  concurrence  with  your  plans  to  remove 
herbicide-contaminated  soil  from  your  plant  site  to  an  off -site  location  for 
disposal.  Since  the'  Mbntana  Department  of  Health  and  Environmental  Sciences 
has  a regulatory  program  relating  to  solid  waste  disposal,  it  has  been  agreed 
that  our  agency  should  respond  to  your  request. 

Because  your  proposal  inyolves  the  ronoval  of  the  soil  material  under 
contract  with  another  company  and  final  disposal  of  the  waste  on  that  conpany's 
property,  our  bureau  has  determined  that  the  requirem.ents  of  the  Montana  Solid 
Waste  Managar.ent  Act  do  not  apply,  except  that  Section  75-10-214  of  the  Act 
provides  that  such  disposal  may  "not  create  a nuisance  or  public  health  hazard." 
Additional Iv,  ^'Jcntana  water  pollution  law  in  Title  75,  Chapter  5,  MCA,  and  the 
Montana  Pesticides  Act,  Title  80,  Chapter  8,  MCA,  both  prohibit  waste  disposal 
in  a rranner  that  v.nuld  cause  pollution  of  surface  or  ground  waters. 

"It  is  our  determination,  based  upon  available  mfonaaticn,  that  disposal 
of  the  ccntamira,ted  soil  at  the  Shuma]<er  site  is  nch  likely  to  cause  water 
pollution,  a nuisance  situation  or  any  effect  on  public  health.  We,  therefore, 
state  no  cbjecticn  to  Mr.  Shiaimker  disposing  of  tlie  soil  in  a prudent  manner  upcn 
his  pro  per  ny.  Please  refer  to  the  attached  report  for  our  reccriirendations  on 


I do  want  ; 
Envircr.'-ental  P 
hazardous  wasre 
year  plant  ocer. 
irt  this  re-jard. 


/cj  to  be  aware  that  regulations  recently  published  by  the  U.S. 
rotecticn  Agenc'/  and  rules  proposed  by  our  dspartir-snt  regarding 
disposaJ.  may  have  an  effect  upon  future  \^ste  disposal  from 
atiens.  We  v/ili  keep  your  cempany  informed  of  re-gulatory  changes 


PCT:ao 


Gux--  ding-sr:'. 


Since; 

Pccer 

Solid 

En'oir- 


• / / . - ^ 

!.  Thervilson 

dsta  Management'  Bureau 

mental  Sciences  Division 


.tin.u,  I2C  Second  St.  :T.W.  , Greac  rrils 
r,  Environr-enoai  Division,  Dept,  of 


Acriruitu 


V.— 


Grear 


b'.o  ■ 


-J2ECG>5MnNmTia'JS  regaeding  disposal,  of 
2,4-D  C ilAMINATED  SOIL  FROM  THE  FALLS  C .lECAL  CCMPANY 


On  June  26,  1980,  representatives  of  the  Montana  Departnient  of  Agriculture, 
tontana  Department  of  Health  and  Environmental  Sciences,  and  the  U.S.  Environitantal 
^otection  Agen^  visited  the _ Falls  Chonical  Conpany  to  discuss  the  company's  proposal 
to  remove  and  dispose  of  herbicide-contaminated  soil  from  the  plant  property.  The 
COTpany  explained  that  the  plant  site  had  been  contaminated  by  previous  operators 
through  poor  housekeeping  and  waste  itanaganent  practices.  Falls  Chanical  does  not 
^ ow  how  extmsive  that  contamination  was.  The  level  of  soil  contamination  was 
increased  this  spring  when  several  barrels  of  stored  off-specification  herbicide 
corroded  and  leaked  onto  the  ground.  Since  the  plant  site  is  underlain  by  cinder 
material  and  because  of  a relatively  shallow  groundwater  table,  the  conpany  proposed 
to  remove  the  contaminated  soil  to  a more  favorable  site  for  disposal. 

Falls  Chemical  had  made  arrangements  with  another  film  for  removal  and  disposal 
of  the  soil.  That  conpany,  Shumaker  Trucking  and  Excavating,  has  property  north  of 
Great  Falls  which  is  used  for  disposal  of  debris  from  their  demolition  contracts. 

On  the  26th,  we  visited  the  proposed  disposal  site,  v^ich  is  located  north  of  town 
betu'een  U.S.  87  and  the  10th  Street  access  road.  This  property  is  located  within  the 
£^5,  NE!s,  Sec.  36,  T21N,  R3E. 

On  that  date  we  asked  Falls  Chemical  and  Shumaker  Excavating  to  hold  the  soil 
which  was  to  be  removed  frcm  the  Falls  Chanical  plant  site  in  temporary  storage  at 
the  Sh'urraker  site  pending  the-  res’ults  of  sanroling  and  analysis  of  the  soil.  On 
June  27th,  a number  of  soil  sa.mples  were  taken  at  the  Falls  Chemical  plant  site  and 
sent  to  the  state  pesticide  laboratory  in  Bozenan.  Subsequent  to  June  27,  1980, 
Shumaker  Excavating  did  renove  the  soil  frcm  the  Falls  Chemical  site  and  placed  it 
in  a storage  pile  on  their  own  property.  The  results  of  the  soil  analyses  are  attached. 
The  ScJrpl^g  indicates  that,  even  in  areas  of  recent  spillage,  2,4— D contamination 
^s  restricted  to  the  top  fev;  inches  of  the  soil  profile.  Below  a depth  of  six  (6) 
irnhes  the  level  of  contamination  was  only  a few  parts  per  million .- 

The  herbicide  2,4-D,  although  a potent  weed  control  agent,  demonstiates  a low 
a^-^.e  tc.'_ci_y  ^o  animals  and,  a,ccordmg  to  the  U.S.  Envircnm.entcil  Protection  .Agency', 
h.:;3  cl  c.=..or.strated  nistcjm/  or  sare  use  with  no  inaica.tion  triat  potential  human  e:-cpcsure 
is  sumcienc.  to  result  in  human  health  effects.  Furthermore,  2,4-D  has  been  shcnvn 
to  de-grace  qiite  rapidly  Ln  the  natural  envircnnent. 

Ee<^use  the  Shuma:<er  property  is  fe.ncad  and  is  situated  in  a location, of  rela- 
tively imrerrea-nle  clayey  soils,  deep  groundwater,  and  no  arinhir.g  water  Vvells, 
on-site  burial  shculd  be  an  acceptable  disposal  altarnntive . ^vhen  the  soil  is  disocsed 
of,  a cl’ri.n,^  unacntaminated  soil  ceover  of  at  least  a six-inch  thid-c-ess  should  be  ’ 
applivc,  w/iun  .an  e'.'ei'itual  cover  of  at  least  tw/alve  inches.  Measures  should  be  taker, 
to  cur -ec  t .an.'  > uc  .s  h ■ n ^ • ■ - 


lone  mncrr  -arcunc 


:ial  area. 
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STUDY  SITE 


) 


t 


f. 


4. 


t 


I V '*•  ■ 


,R. 

754 

755 

949 

950 

1221 

1238 

1239 

1240 

1241 

1242 

1243 

1244 

1245 

1246 

1247 

1248 

1249 

1250 

1251 

1252 

1253 

?54 

^55 

1256 

1257 

1258 

1259 

1260 

1261 

3251 

3252 

3253 

3254 

3255 

3256 

3287 

3288 


FALLS  CHEMICAL  PROJECT 


Date 

Locati on 

Sample 

Result 

6-27-80 

911  2nd  Street  S.W. 

water 

0.8  >ig/L 

6-27-80 

911  2nd  Street  S.W. 

leaves 

0.1  ppm 

6-27-80 

911  2nd  Street  S.W. 

soil 

<5  ppb 

6-27-80 

911  2nd  Street  S.W. 

water 

<0.07  jug/L 

6-27-80 

911  2nd  Street  S.W. 

crab  apple  leaves 

vegetation 

0.021  ppm 

6-27-80 

911  2nd  Street  S.W. 

trans  apple  leaves 

vegetation 

0.052  ppm 

6-27-80 

313  10th  Avenue  S.W. 

soil 

<5  ppb 

6-27-80 

313  10th  Avenue  S.W. 

Chinese  elm  leaves 

0.20  ppm 

6-27-80 

320  10th  Avenue  S.W. 

soil 

<5  ppb 

6-27-80 

320  10th  Avenue  S.W. 

leaves 

1.5  ppm 

6-27-80 

405  10th  Avenue  S.W. 

cotton  wood  leaves 

0.18  ppm 

6-27-80 

405  10th  Avenue  S.W. 

soil 

<.05  ppm 

6-27-80 

300  9th  Avenue  S.W. 

soil 

0.3  ppm 

6-27-80 

300  9th  Avenue  S.W. 

Chinese  elm  leaves 

0.32  ppm 

6-27-80 

Sun  River  Pump 

water 

0.28  ug/L 

6-27-80 

Missouri  River 

water 

.6  ijg/L 

6-27-80 

N.  of  Falls  Chemical 

tree  leaves 

1.3  ppm 

6-27-80 

Slough 

water 

574  jjg/L 

6-27-80 

Drain  water 

water 

21.4^g/L 

6-27-80 

Drain  area 

soil 

0.14  ppm 

6-27-80 

Slough 

soil 

0.2  ppm 

6-27-80 

Slough 

vegetation 

0.5  ppm 

6-27-80 

E.  of  Falls  Chemical 

soil 

6.9  ppm 

6-27-80 

E.  of  Falls  Chemical 

cotton  wood  leaves 

0.8  ppm 

6-27-80 

E.  of  Tank  Farm 

fbutyl ester 

5 ppm 

water  < isoctylester 

4.6  ppm 

(2,4-D  acid 

8.6  ppm 

6-27-80 

West  waste  yard 

^soil  0-6"  butylester 

14% 

acid 

22% 

soil  6-12" 

12.1  ppm 

soil  12-18" 

22.1  ppm 

soil  18-24"  245-T 

<5  ppb 

L 2,4-D 

7.25  ppm 

6-27-80 

Middle  waste  yard 

soil  0-4" 

2.2%  A.E. 

6-27-80 

East  waste  yard 

soil  0-4" 

1.2%  A.E. 

6-27-80 

South  product  plant 

soil  0-4" 

3.75% 

7-21-80 

E.  of  Falls  Chemical 

kochia  leaves 

vegetation 

.52  ppm 

7-21-80 

S.W.  of  Falls  Chemical 

vegetation 

.25  ppm 

7-21-80 

300  9th  Avenue  S.W. 

Siberian  elm  leaves 

.40  ppm 

7-21-80 

W.  of  Falls  Chemical 

cotton  wood  leaves 

.057  ppm 

7-21-80 

911  2nd  Street  S.W. 

lilac  tree  leaves 

.048  ppm 

7-21-80 

911  2nd  Street  S.W. 

russian  olive  leaves 

.2  ppm 

8-15-80 

9th  Avenue  S. 

elm  leaves 

.085  ppm 

8-15-80 

300  9th  Avenue  S.W. 

tomatoes  (fruit) 

<5  ppb 

Result 


C.R.  Date 


Location 


Sample 


3289  8-15-80 

3290  8-15-80 

3291  8-15-80 

3292  8-26-80 


300  9th  Avenue  S.W. 
320  10th  Avenue  S.W. 
211  10th  Avenue  S.W. 
313  10th  Avenue  S.W. 


tomato  leaves 
lettuce 

apples  (fruit) 
soil 


<5  ppb 
<5  ppb 
<5  ppb 
<5  ppb 
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2531 

11-13-80 

305  9th  Avenue  S.W. 

air 

2532 

11-13-80 

200  10th  Avenue  S.W. 

ai  r 

2533 

11-13-80 

601  6th  Street  S.W. 

air 

2534 

11-13-80 

BN  Tower 

air 

2535 

11-13-80 

Falls  Chemical  Plant 

air 

2536 

11-14-80 

305  9th  Avenue  S.W. 

air 

2537 

11-14-80 

200  10th  Avenue  S.W. 

ai  r 

2538 

11-14-80 

601  6th  Street  S.W. 

air 

2539 

11-14-80 

BN  Tower 

air 

2540 

11-14-80 

Falls  Chemical  Plant 

air 

2.4- D  (A.E.) 

2.4- 0  (IBE) 


fA.E. 
2,4-D  HBE 
{.lOE 


None  Detected 
None  Detected 
None  Detected 
None  Detected 
ct^.04  jug/sep  pak 
.2  >ig/sep  pak 
None  Detected 
None  Detected 
None  Detected 
None  Detected 
.50  jug/sep  pak 
.22  ;jg/sep  pak 
.19  jug/sep  pak 


3083 

1-20-81 

200  10th  Avenue  S.W. 

air 

3084 

1-20-81 

305  9th  Avenue  S.W. 

ai  r 

3085 

1-20-81 

601  6th  Street  S.W. 

ai  r 

3086 

1-20-81 

Falls  Chemical  Plant 

air 

3087 

1-20-81 

BN  Tower 

air 

None  Detected 
None  Detected 
None  Detected 
2,4-D  Ca.E.  2.1  iig/sep  pak 
(IBE  .24  jug/sep  pak 
None  Detected 


3078  1-21-81 

3079  1-21-81 

3080  1-21-81 

3081  1-21-81 

3082  1-21-81 


200  10th  Avenue  S.W. 

air 

305  9th  Avenue 

S.W. 

air 

BN  Tower 

air 

601  6th  Street 

S.W. 

air 

Falls  Chemical 

Plant 

ai  r 

None  Detected 
None  Detected 
None  Detected 
None  Detected 
(k.l.  .94  >ig/sep  pak 

2,4-D  I IBE  .93  >ig/sep  pak 
(lOE  .16  jjg/sep  pak 


2542  2-24-81 

2543  2-24-81 

2544  2-24-81 

2545  2-24-81 


Missouri  River  water 

(downstream) 

Missouri  River  water 

(upstream) 

Sun  River  Pump  water 

Falls  Chemical  discharge  water 


None  Detected 

None  Detected 

None  Detected 
.12  ppm 


i 


C.R. 

2632 

2633 

2634 

2635 

2636 

2637 

2638 

2639 

2640 

2641 

2642 

2643 

2644 

2645 

2646 

2647 

2648 

2649 

2656 

2657 

2658 

2659 

2660 

2546 

2547 

2548 

2549 

2550 

2614 

2^ 

2683 

2684 

2685 


Date 

Location 

Sample 

Result 

3-12-81 

Near  Falls  Chemical 

soil 

None  Detected 

3-12-81 

Near  Falls  Chemical 

soil 

None  Detected 

3-12-81 

Near  Falls  Chemical 

soi  1 

45  ppb 

3-12-81 

Near  Falls  Chemical 

soil 

38  ppb 

3-12-81 

Near  Falls  Chemical 

soil 

11.4  ppm 

3-12-81 

Near  Falls  Chemical 

soil 

.34  ppm 

3-12-81 

Missouri  River 
(downstream) 

water 

None  Detected 

3-12-81 

Missouri  River 
(upstream) 

water 

None  Detected 

3-12-81 

Sun  River  Pump 

water 

None  Detected 

3-12-81 

Falls  Chemical  discharge 

water 

.0035  ppm 

3-12-81 

601  6th  Street  S.W. 

ai  r 

None  Detected 

3-12-81 

305  9th  Avenue  S.W. 

air 

None  Detected 

3-12-81 

200  10th  Avenue  S.W. 

air 

None  Detected 

3-12-81 

BN  Tower 

air 

None  Detected 

3-12-81 

Roof  of  Falls  Chemical 

air 

2,4-D  IBE  .14  iig/sep  pak 

3-13-81 

601  6th  Street  S.W. 

air 

None  Detected 

3-13-81 

305  9th  Avenue  S.W. 

air 

None  Detected 

3-13-81 

200  10th  Avenue  S.W. 

air 

None  Detected 

3-13-81 

BN  Tower 

air 

None  Detected 

3-13-81 

Roof  of  Falls  Chemical 

ai  r 

2,4-D  lOE  .1  ;jg/sep  pak 

4-28-81 

305  9th  Avenue  S.W. 

air 

2,4-D  \ IBE 

.28  jjg/sep  pak 

tlOE 

.19  ^g/sep  pak 

4-28-81 

200  10th  Avenue  S.W. 

ai  r 

None  Detected 

4-28-81 

601  6th  Street  S.W. 

air 

None  Detected 

4-28-81 

BN  Tower 

air 

None  Detected 

4-28-81 

Roof  of  Falls  Chemical 

air 

2,4-D  [IBE 

3.31  jLig/sep  pak 

\I0E 

1.02  jug/sep  pak 

4-29-81 

305  9th  Avenue  S.W. 

air 

None  Detected 

4-29-81 

200  10th  Avenue  S.W. 

ai  r 

None  Detected 

4-29-81 

601  6th  Street  S.W. 

air 

None  Detected 

4-29-81 

BN  Tower 

air 

None  Detected 

4-29-81 

Roof  of  Falls  Chemical 

air 

2,4-D[lBE 

1.67  jjg/sep  pak 

(JOE 

1.02  >ig/sep  pak 

4-29-81 

N.  side  of  From.  Plant 

soil 

.68% 

5-27-81 

200  10th  Avenue  S.W. 

ai  r 

None  Detected 

5-27-81 

305  9th  Avenue  S.W. 

ai  r 

None  Detected 

5-27-81 

601  6th  Street  S.W. 

air 

None  Detected 

5-27-81 

BN  Tower 

air 

None  Detected 

5-27-81 

Roof  of  Falls  Chemical 

air 

2,4-D  CA.E.  .26  Jjg/sep 
1 lOE  0.48  Jjg/sep 

C.R. 

Date 

Location 

2677 

5-28-81 

Sun  River  Pump 

2678 

5-28-81 

Missouri  River 
(upstream) 

2679 

5-28-81 

Missouri  River 
(downstream) 

2680 

5-28-81 

204  10th  Avenue  S.W 

2686 

5-28-81 

305  9th  Avenue  S.W. 

2687 

5-28-81 

200  10th  Avenue  S.W 

2688 

5-28-81 

601  6th  Street  S.W. 

2689 

5-28-81 

BN  Tower 

2690 

5-28-81 

Roof  of  Falls  Chemi( 

2691 

5-28-81 

Discharge  pond 

2692 

5-28-81 

Erosion  rut 

2693 

5-28-81 

N.E.  of  Tank  Farm 

3632 

7-9-81 

313  10th  Avenue  S.W 

3644 

7-9-81 

Slough  area 

3645 

7-9-81 

Slough  area 

3646 

7-9-81 

300  9th  Avenue  S.W. 

3647 

7-9-81 

Near  Great  Falls 
Tribune  Building 

3648 

7-9-81 

Near  Great  Falls 
Tribune  Building 

2727 

7-30-81 

311  10th  Avenue  S.W, 

Sample 

Result 

water 

None  Detectei^^ 

water 

None  Detected 

water 

None  Detected 

water 

None  Detected 

air 

None  Detected 

air 

None  Detected 

air 

None  Detected 

ai  r 

None  Detected 

ai  r 

2,4-D  flBE 

2.18  jug/sep  pak 

llOE 

.24  jug/sep  pak 

soil 

2.3  ppm 

soil 

.15% 

soil 

.03  ppm 

boxelder 

.056 

ppm 

Canada  thistle 

.48 

ppm 

water 

2.8 

ppb 

cottonwood 

.06 

ppm 

cottonwood 

.02 

ppm 

maple  ash 

.08 

ppm 

water  <.05  ppb 
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WEATHER  DATA  - GREAT  FALLS 


Date  Hour  Temperature  Wind  Speed  (MPH)  Wind  Direction 


1-19-81 

1200-1600 

55 

3.5 

s - sw 

Wl-19-81 

1600-2000 

48 

1 

s 

1-19-81 

2000-2400 

40 

0 

- 

1-20-81 

2400-0400 

30 

0 

- 

1-20-81 

0400-0800 

20 

1 

0 

- 

1-20-81 

0800-1200 

40 

1 

s - sw 

1-20-81 

1200-1600 

55 

3 

s - sw 

1-20-81 

1600-2000 

45 

0 

- 

1-20-81 

2000-2400 

27 

0 

- 

1-21-81 

2400-0400 

20 

0 

- 

1-21-81 

0400-0800 

30 

0 

- 

1-21-81 

0800-1200 

45 

2.5 

sw 

1-21-81 

1200-1600 

50 

3.5 

s 

1-21-81 

1600-2000 

45 

3.0 

s 

1-21-81 

2000-2400 

40 

1 

Varied 

1-22-81 

2400-0400 

35 

1 

Varied 

1-22-81 

0400-0800 

35 

2 

S - SW 

1-22-81 

0800-1200 

50 

3 

S 

1-22-81 

1200-1600 

60 

3 

S 

1-22-81 

1600-2000 

55 

2.5 

S - SW 

1-22-81 

2000-2400 

50 

2 

SW 

1-23-81 

2400-0400 

40 

1 

- 

1-23-81 

0400-0800 

30 

1 

SW 

1-23-81 

0800-1200 

35 

1 

sw  - s 

3-11-81 

1200-1600 

60 

3 

Varied 

3-11-81 

1600-2000 

50 

3 

N 

W3-11-81 

2000-2400 

30 

0 

- 

3-12-81 

2400-0400 

20 

0 

- 

3-12-81 

0400-0800 

20 

0 

- 

3-12-81 

0800-1200 

40 

2 

NW 

3-12-81 

1200-1600 

60 

4 

NE 

3-12-81 

1600-2000 

55 

5 

NE 

3-12-81 

2000-2400 

40 

1.5 

NE 

3-13-81 

2400-0400 

25 

0 

- 

3-13-81 

0400-0800 

25 

0 

- 

5-26-81 

1500-1600 

70 

3 

SW 

5-26-81 

1600-2000 

70 

2 

Varied 

5-26-81 

2000-2400 

55 

0 

- 

5-27-81 

2400-0400 

50 

0 

- 

5-27-81 

0400-0800 

55 

0 

- 

Chart  recorder 

malfunctioned 

for  May  27, 

temperature  was 

around  70°  with  light  winds 

5-27-81 

1500-1600 

76 

3 

SW 

5-27-81 

1600-2000 

70 

1 

SW 

5-27-81 

2000-2400 

60 

0 

- 

5-28-81 

2400-0400 

50 

0 

- 

5-28-81 

0400-0800 

50 

1 

Varied 

5-28-81 

0800-1200 

55 

2 

N 

5-28-81 

1200-1400 

65 

2 

N 

AIR  SAMPLES 


Collection 
Report  # 

Date 

Location 

Sample 

Results  ng/ 
Sep  Pak 

Air  Volume 
Sep  Pak 

2535 

2540 

11-13-80 

11-14-80 

Roof 

Roof 

of 

of 

Falls 

Falls 

Chem. 

Chem. 

Plant 

Plant 

Air 

Air 

A.E.*  .04 
IBE**  .2 

No  Data 
Available 

A.E. 

.50 

IBE 

.22 

lOE*** . 19 

3086 

01-20-81 

Roof 

of 

Falls 

Chem. 

Plant 

Air 

A.E. 

2.1 

2.448  m^ 

IBE 

.24 

3082 

01-21-81 

Roof 

of 

Falls 

Chem. 

Plant 

Air 

A.E. 

.94 

2.32  m^ 

IBE 

.93 

lOE 

.16 

2644 

03-12-81 

Roof 

of 

Falls 

Chem. 

Plant 

Air 

IBE 

.14 

2.268  m^ 

2649 

03-13-81 

Roof 

of 

Falls 

Chem. 

Plant 

Air 

IBE 

.1 

1.764  m^ 

2660 

04-28-81 

Roof 

of 

Falls 

Chem. 

Plant 

Air 

IBE 

3.31 

lOE 

1.02 

2.268 

2550 

04-29-81 

Roof 

of 

Falls 

Chem. 

Plant 

Air 

IBE 

1.67 

1.994  m^ 

lOE 

1.02 

2685 

05-27-81 

Roof 

of 

Falls 

Chem. 

Plant 

Air 

A.E. 

.26 

2.268  m^ 

lOE 

0.48 

2690 

05-28-81 

Roof 

of 

Falls 

Chem. 

Plant 

Air 

IBE 

2.18 

2.268  m^ 

lOE  .24 


2,4-D  acid  equivalent 
Isobutyl  2,4-D  ester 
Isooctyl  2,4-D  ester 
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WEATHER  DATA  - GREAT  FALLS 


Date 

1-19-81 

L 1-19-81 

^1-19-81 

1-20-81 

1-20-81 

1-20-81 

1-20-81 

1-20-81 

1-20-81 

1-21-81 

1-21-81 

1-21-81 

1-21-81 

1-21-81 

1-21-81 

1-22-81 

1-22-81 

1-22-81 

1-22-81 

1-22-81 

1-22-81 

1-23-81 

1-23-81 

1-23-81 

3-11-81 

3-11-81 

T '-11-81 

V-12-81 


Hour 

1200-1600 

1600-2000 

2000-2400 

2400-0400 

0400-0800 

0800-1200 

1200-1600 

1600-2000 

2000-2400 

2400-0400 

0400-0800 

0800-1200 

1200-1600 

1600-2000 

2000-2400 

2400-0400 

0400-0800 

0800-1200 

1200-1600 

1600-2000 

2000-2400 

2400-0400 

0400-0800 

0800-1200 

1200-1600 

1600-2000 

2000-2400 

2400-0400 


Temperature 

55 

48 

40 

30 

20 

40 

55 

45 

27 

20 

30 

45 

50 

45 

40 

35 

35 

50 

60 

55 

50 

40 

30 

35 

60 

50 

30 

20 


Wind  Speed  (MPH) 

3.5 
1 

0 

0 

0 

1 

3 

0 

0 

0 

0 

2.5 

3.5 
3.0 
1 

1 

2 

3 

3 

2.5 
2 

1 
1 
1 
3 
3 
0 
0 


Wind  Direction 


SW 


SW 

SW 


SW 

s 

s 

Varied 
Varied 
S - SW 
S 
S 

S - SW 
SW 

SW 

SW  - s 
Varied 
N 


3-12-81 

0400-0800 

20 

0 

3-12-81 

0800-1200 

40 

2 

NW 

3-12-81 

1200-1600 

60 

4 

NE 

3-12-81 

1600-2000 

55 

5 

ME 

3-12-81 

2000-2400 

40 

1.5 

NE 

3-13-81 

2400-0400 

25 

0 

3-13-81 

0400-0800 

25 

0 

5-26-81 

1500-1600 

70 

3 

SW 

5-26-81 

1600-2000 

70 

2 

Vari ed 

5-26-81 

2000-2400 

55 

0 

5-27-31 

2400-0400 

50 

0 

5-27-81 

0400-0800 

55 

0 

Chart  recorder 

malfunctioned 

for  May 

27, 

temperature  was 

around  70°  with 

light  winds 

5-27-81 

1500-1600 

76 

3 

SW 

5-27-81 

1600-2000 

70 

1 

'Jr* 

SW 

5-27-81 

2000-2400 

60 

0 

5-28-81 

2400-0400 

50 

0 

5-28-31 

0400-0800 

50 

1 

Varied 

5-28-81 

0300-1200 

55 

2 

M 

5-28-J81 

1200-1400 

65 

2 

.N 

NOTE; 

The  weather  data 

for 

April  27  and 

28  came  from 

the  National 

The  weather  station  located  at  305  9th  avenue 
southwest  malfuctioned . 
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Physiological  and  Biochemical  Behavior 

Fohar  absorption  characteristics:  Plant  roots  absorb  polar  (salt)  forms 
° readily.  Leaves  absorb  nonpolar  (ester)  forms  most 

readily.  A rain-free  period  of  4 to  6 hr  usually  is  adequate  for  uptake 
and  edective  weed  control.  The  esters  of  2,4-D  tend  to  resist  vvashinP 
trom  plants  and  are  rapidly  converted  to  the  acid  by  the  plants. 

Translocation  characteristics:  Following  foliar  absorption,  2,4-D  trans- 
locates within  the  phloem,  probably  moving  with  food  material. 
Following  root  absorption,  it  may  move  upward  in  the  transpiration 
stream.  Translocation  is  intlucnced  by  the  growth  status  of  the  plant. 
Accumulation  of  the  herbicide  occurs  principally  at  the  meristematic 
regions  of  shoots  and  roots. 

Mechanism  of  action:  The  mechanism  of  action  of  2,4-D  has  been 
studied  more  than  for  any  other  herbicide.  Investigation  has  shown 
that  it  causes  abnormal  growth  response  and  affects  respiration,  food 
resen'es,  and  cell  division;  but  the  primary  mode  of  action  has  not 
been  clearly  established. 

Metabolism  and  persistence  in  plants:  Studies  have  shown  complexes 
with  protein  or  amino  acids,  oxidation  of  the  acetate  moiety  and  of  the 
ring,  hydrolysis  to  the  free  phenol,  and  combination  with  glycosides. 

Biological  properties  other  than  herbicidal:  It  can  act  as  a plant  growth 
regulator  and  low  rates  can  induce  rooting  and  blossom  set.  Also,  it 
controls  the  ripening  of  bananas  and  citrus  fruits  and  delays  pre- 
hanest  dropping  of  some  fruits.  Apparently,  2,4-D  has  little  or  no 
biological  activity  on  insects,  nematodes,  or  plant  pathogens. 

Behavior  In  or  On  Soils 

Adsorption  and  leaching  characteristics  in  basic  soil  types:  In  black  acid 
soil — adsorption  1:95  ratio.  Ester  formulations  have  low  solubility  ir 
water.  Salts  of  2,4-D  are  leached  in  sandy  soils. 

Microbial  breakdown:  2,4-D  undergoes  microbial  breakdown  in  warm, 
moist  soil.  Rate  of  breakdown  depends  upon  temperature,  moisture, 
organic  matter,  and  other  soil  chracteristics  which  affect  microbial 
activity. 

Loss  from  photodecomposition  and/or  volatilization:  Minor  loss  from 
photodecomposition.  Volatilization  will  depend  upon  the 
formulation.  The  acid,  inorganic  salts,  and  amines  are  less  volatile 
than  the  esters,  which  vary  from  high  to  low.  The  oil  soluble  amines 
are  considered  to  be  least  volatile. 

Resultant  average  persistence  of  phytotoxicity  in  soil  at  recommended 

rates:  Generally  1 to  4 weeks  in  warm,  moist  soil. 


F.  Toxicological  Properties 

1.  General  toxicity  to  wildlife  and  fish:  Pure  2,4-D  acid  at  100  ppm  caused 

slight  mortality  for  fingerling  bream  and  largcmouth  bass.  This  is  well 
above  the  rate  used  in  practical  application.  It  is  not  harmful  to  wild- 
life under  use  conditions. 

2.  Acute  toxicity:  The  acute  oral  LD,^,  of  the  various  formulations  fall  in 

the  range  of  300  to  1,000  mg/kg  for  rats,  guinea  pigs,  and  rabbits  on 
a weight  basis  The  toxicity  to  cattle  appears  to  be  quite  similar  to  that 
of  laboratory  animals. 

4.  Chronic  toxicity: 

Rais  (2  years)  1250  ppm  in  diet — no  effect.  ' 

Dogs  (2  years)  500  ppm  in  diet — no  elfcct. 

(Higher  doses  were  not  tested.) 

5.  Toxicity  to  skin  and  possible  danger  through  inhalation:  Some  formula- 

tions may  cause  skin  irritation.  Inhalation  toxicity  is  not  known 
accurately  but  is  considered  to  be  minimal. 

6.  Symiuoms  of  poisoning:  No  characteristic  symptoms  for  humans. 

7.  First  aid  and  antidotes:  Symptomatic. 
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2.4-D  FACT  SHEET 
July  24,  1981 


I.  2,4-D  DATA  CALL-IN  --  Progress  Report 


A.  Background 


2 , 4-D i cnl or ophe noxyacet i c acid  (2,4-D)  is  a systemic 
heroicide  widely  used  to  control  broadleaf  weeds.  The 
term  2,4-D  includes  the  parent  acid  as  well  as  the  35 
derivatives  (esters  and  salts).  The  structure  of  2,4-D 
acid  is  given  below: 


There  are  approximately  1500  products  containing  2,4-D 
registered  with  the  Environmental  Protection  Agency.  Over 
60  million  pounds  of  2,4-D  active  ingredient  were  applied 
domestically  during  1980  with  the  majority  used  for  the 
control  of  broadleaf  weeds  in  small  grains,  field  corn  and 
on  range  and  pastureland. 

Interest  concerning  the  potential  adverse  health  effects  of 

2,4-D  intensified  following  EPA's  emergency  suspension  of 
2,4,5-T  and  Silvex  in  March  1979.  This  interest  was  due  to 
the  chemical  similarities  of  2,4-D  and  2,4,5-T.  The  public 
was  concerned  that  the  same  toxic  effects  attributed  to 
2,4,5-T  would  also  be  applicable  to  2,4-D.  There  was  also 
concern  that  2,4-D  would  be  contaminated  with  2, 3, 7, 8 
tetrachl orodi benzo-p-di oxi n (TCDD)  as  was  2,4,5-T.  This 
dioxin  has  been  linked  with  potential  fetotoxic  and  car- 
cinogenic effects.  The  2, 3, 7, 8 TCDD  has  never  been  found  in 
any  sample  of  2,4-D.  A report  of  EPA's  analysis  for  dioxins 
in  2,4-D  is  presented  in  part  II  of  this  fact  sheet.  There 
was  also  concern  because  the  n-Butyl  ester  of  2,4-D  was  used 
in  a 50:50  mixture  with  n-Butyl  2,4,5-T  to  produce  Agent 
Orange,  the  military  defoliant  widely  used  during  the 
Vietnam  War.  Agent  Orange  has  never  been  registered  by  EPA 
for  civilian  use  in  the  U.S.,  but  its  use  by  the  U.S. 
military  in  Vietnam  has  resulted  in  claims  of  adverse  health 
effects  to  American  military  personnel  which  are  currently 
under  review  by  the  Veterans  Administration. 


The  Agency  initiated  a review  of  information  available  on 

2,4-D  in  an  attempt  to  answer  questions  raised  concerning 
potential  health  effects  associated  with  the  use  of  2,4-D. 

This  review  was  conducted  to  determine  if  2,4-D  should  be 
reviewed  under  the  Rebuttable  Presumption  Against  Registration 
(RPAR)  process  or  if  another  regulatory  action  was  appropriate. 

B.  Agency  Review 

After  a review  of  the  existing  toxicology  data  base  supporting 

2,4-D  registrations,  EPA  concluded  that  the  scientifically 
valid  toxicology  studies  on  2,4-D  did  not  indicate  that  the 
continued  use  of  2,4-D  posed  a significant  health  hazard 
when  used  in  accordance  with  label  directions  and  precautions. 
The  Agency  did  conclude,  however,  that  more  information  on 

2,4-D  toxicological  properties  was  necessary  to  better 
assess  the  potential  health  hazards  associated  with  the  use 
of  2,4-D. 

C.  Agency  Actions 

The  Environmental  Protection  Agency  has  the  authority  under 
section  3(c)(2)(B)  of  the  Federal  Insecticide,  Fungicide 
and  Rodenticide  Act  (FIFRA)  to  request  any  additional  data 
from  pesticide  registrants  considered  necessary  to  maintain 
the  registration  of  existing  products.  On  August  29,  1980, 
after  consulting  with  the  Scientific  Advisory  Panel,  the 
Agency  issued  an  ORDER  and  NOTICE  which  required  2,4-D 
registrants  to  supply  data  in  the  following  areas  of  2,4-D 
toxicology:  Oncogenicity,  Reproduction,  Teratogenicity, 

Neurotoxicity,  Metabolism  and  Acute  Toxicity. 

Major  registrants  of  technical  2,4-D  products  subject  to 
this  data  call-in  have  formed  the  "Industry  Task  Force  on 

2,4-D  Research  Data"  to  jointly  produce  the  required  data. 
Testing  has  begun  on  the  acute  toxicity  studies  and  results 
will  be  submitted  to  the  Agency  shortly.  Results  from  the 
chronic  feeding/oncogenicity  studies  will  be  submitted  early 
in  1984.  The  Agency  will  also  develop  a long-term  reregistra- 
tion work  plan  for  all  2,4-D  products  which  should  be 
completed  concurrently  with  the  final  data  submissions  from 
the  data  call-in.  Results  from  all  studies  will  be  reviewed 
as  they  are  submitted  to  determine  whether  a change  in 
regulatory  position  is  warranted  prior  to  the  completion  of 
the  data  call-in  effort. 
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II.  ANALYSIS  FOR  DIOXINS  IN  2,4-D 
A.  Background 

A dioxin  is  any  member  of  a family  of  compounds  known 
chemically  as  di benzo-p-di oxi ns  and  consisting  of  two 
benzene  rings  interconnected  by  a pair  of  oxygen  atoms. 
The  general  structure  for  dioxins  is  given  below: 


Each  of  the  numbered  positions  can  be  occupied  by  a chlorine 
or  other  halogen  atom,  an  organic  radical,  or  a hydrogen 
atom.  There  are  75  potential  isomers  of  polychlorinated 
di benzo-p-di oxi n and  22  different  isomers  of  the  tetrachloro- 
dibenzo-p-dioxin  (TCDD).  The  term  dioxin  is  often  used 
incorrectly  to  refer  to  only  one  of  the  22  isomers  of  TCDD, 
the  2, 3, 7, 8 TCDD.  This  isomer  is  the  highly  toxic  contaminant 
of  the  herbicide  2,4,5-T  and  has  been  linked  to  potential 
fetotoxic  and  carcinogenic  effects.  The  2, 3, 7, 8 TCDD  isomer 
has  never  been  detected  in  any  U.S.  samples  of  2,4-D  tested. 
For  a detailed  discussion  of  dioxins  refer  to  Esposito 
et  al  . (1  980)  which  is  available  through  the  National 
Technical  Information  Service,  Springfield,  VA  22161. 

Canadian  2,4-D  technical  and  formulated  products  were  first 
reported  to  be  dioxin-contaminated  by  a group  from  Agriculture 
Canada  at  the  workshop  on  the  "Impact  of  Chlorinated  Dioxins 
and  Related  Compounds  on  the  Environment"  (Cochrane  et  al . , 
1980).  Sixteen  samples  of  2,4-D  ester  and  amine  formulations 
as  well  as  ten  2,4-D  technical  acid  samples  representing 
Canadian  supplies  available  in  1980  were  analyzed  for 
chlorinated  di benzo-p- di oxi ns  at  a detection  level  of  1 part 
per  billion  (ppb).  No  dioxins  were  detected  in  the  technical 
2,4-D  acid  samples  analyzed.  All  2,4-D  isooctyl  ester 
samples  examined  contained  di  benzo-p-di  oxi  n contaminants, 
while  2 of  3 butyl  esters  and  4 of  7 2,4-D  amines  showed  the 
presence  of  chi orodi oxi n.  Levels  of  di chi orodi benzo-p-di oxi n 
ranged  from  5 to  4200  ppb,  tri chi orodi benzo-p-di oxi n ranged 
from  38  to  2079  ppb  and  1,3, 6, 8 tetrachl orodi benzo-p-di oxi n 
ranged  from  20  to  1752  ppb.  Levels  of  all  dioxins  detected 
were  highest  in  the  isooctyl  ester  formulations  and  lowest 
in  the  ami  ne  sa  1 ts. 
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B . Agency  Actions 

2,4-D  Sampling  Program 

A sampling  program  of  U.  S. -produced  technical  grade  2,4-D 
products  was  initiated  following  Agriculture  Canada's 
announcement  of  dioxin  contaminated  2,4-D  products  in 
Canada.  Thirty-three  samples  representing  25  2,4-D  technical 
products  produced  in  the  U.S.  were  collected  by  ERA  Enforce- 
ment personnel  and  delivered  to  the  ERA  Chemical  and  Biologi- 
cal Investigations  Laboratory  at  Beltsville,  Maryland  for 
dioxin  analysis.  Formulations  of  2,4-D  represented  were: 
acid,  sodium  salt,  various  amine  salts  and  several  esters. 
Samples  were  analyzed  using  the  method  of  Cochrane  et  al . 
(1980).  Refinements  to  the  method  using  appropriate  recovery 
studies  validated  the  technique  to  a 1 part  per  billion 
(ppb)  level  of  sensitivity.  All  samples  were  extracted  and 
put  through  a cleanup  and  isolation  procedure.  Final 
extracts  were  subjected  to  low  resolution  gas  chromatograph/ 
mass  spectrometer  (LR/GC/MS)  analysis  using  software  control 
which  allowed  detection  for  ions  at  mass  values  of  252,  288 
and  322.  These  ions  corresponded  to  2 ,7-di chi oro- ; 1,2,4- 
trichloro-;  and  1 ,3, 6, 8/1  ,3,7,9  tetrachl orodi benzo-p-di oxi ns , 
respectively.  The  samples  were  also  examined  specifically 
for  2, 3, 7, 8 TCDD  and  none  was  found. 

Results 
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Three  samples  were  positive  for  2,7  di chi prodi benzo- 
p-dioxin  (Table  1).  Levels  ranged  from  25  to  78  ppb. 

Two  of  these  three  samples  also  contained  the  tr i chi orodi benzo- 
p-dioxin  isomer  at  levels  of  11  to  13  ppb.  No  tetrachl orodi- 
benzo-p-di oxi n was  detected  in  any  sample.  Sample  extracts 
found  to  be  positive  for  dioxin  were  transmitted  to  the 
Health  Effects  Research  Laboratory  (HERL)  at  Research 
Triangle  Rark,  North  Carolina  for  high  resol uti on/GC/MS 
confirmation.  HERL  confirmed  the  presence  of  the  dichloro- 
dioxin  and  also  detected  trace  amounts  (<1  ppb)  of  1,3, 6, 8/ 

1,3, 7, 9 tetrachl orodi benzo-p-di oxi n in  two  of  the  three 
positive  samples  when  analyses  were  performed  at  higher 
sensitivity.  The  2, 3, 7, 8 TCDD  was  never  detected  in  any 
sample  even  when  analyzed  with  HR/GC/MS. 
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Table 


No . 
Subs 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

2 

1 

1 

1 

1 

1 

T' 

3 

3 

1 

1 

1 

1 

1 


1.  Dioxin  Content  of  Some  Selected  Technical  Grade  2,‘i-D  Samples 


Sampl e 


Sample  Type  Number 

Butyl  Ether  Ester  C70461 

Butoxy  Propyl  Ester  C70459 

Iso  Octyl  Ester  C70460 

Butyl  Ester  C70456 

Acid  C70462 

Alkanoyl  Amine  C70457 

Dimethyl  Amine  C70458 

Dimethyl  Amine  180846 

Sodium  Salt  124940 

Iso  Octyl  Ester  124390 

Iso  Octyl  Ester  124939 

Iso  Octyl  Ester  359-577 

Butyl  Ester  359-584 

Iso  Octyl  Ester  359-411 
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a)  Not  detectable  at  less  than  1.0  ppb  (LR/GC/MS) 

b)  Trace  amount  detected  using  HR/GC/MS  (<1  ppb) 
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Conci usi ons 


Of  33  samples  of  2,4-D  technical  grade  acid,  ester  and  salt 
formulations  examined,  30  were  free  of  dioxin  contamination. 
Only  three  were  contaminated  with  any  form  of  dioxin.  The 
dioxins  detected  were:  2,7  di chi orodi benzo- p-di oxi n , 1,2,4 

trichl orodi benzo-p-di oxi n and  1 , 3 , 6 ,8/1  , 3 , 7 , 9 tetrachl orodi - 
benzo-p-di oxi n.  The  2, 3, 7, 8 tetrachl orodi benzo-p-dioxi n 
isomer  was  never  detected  in  any  sample. 

Information  about  the  dioxins  found  in  U. S. -produced  2,4-D 
is  limited,  but  existing  references  indicate  they  are 
significantly  less  toxic  than  the  2, 3, 7, 8 TODD  isomer 
present  in  2,4,5-T  (see  Leng,  1979;  Esposito  et  al.,  1980). 
Based  on  preliminary  analyses  conducted  on  available  data, 
the  Agency  believes  that  the  concentrations  of  the  dioxins 
found  in  U. S. -produced  2,4-D  products  do  not  appear  to  pose 
a significant  health  hazard.  The  Agency  has  determined  that 
a change  in  regulatory  position  concerning  2.4-D  uses  or 
production  in  the  U.S.  is  not  warranted  at  this  time. 

C.  Continuing  Agency  Review  Efforts 

The  Agency  will  continue  to  monitor  dioxin  levels  in  U.S.- 
manufactured  2,4-D  products.  The  Agency  will  also  complete 
a detailed  review  of  data  available  on  the  dioxins  found  in 
2,4-D  and  determine  whether  further  studies  are  needed. 
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This  paper  is  a review  of  the  scientific  literature 
currently  available  on  2,4-D.  The  Montana  Department  of 
Agriculture,  Environmental  Management  Division,  will  main- 
tain this  information  on  file.  As  data  from  on-going  or 
future  studies  are  reported,  conclusions  stated  herein 
may  be  supported  or  negated. 
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HISTORY  OF  USE 


Early  research  on  plant  growth  regulators  began  in  1941  by 
E.  J.  Kraus,  who  was  investigating  the  chemical  nature  behind 
plant  growth  regulators.  By  1942,  Kraus  realized  the  crop- 
killing potential  of  some  of  these  growth  regulating  substances. 
The  U.  S.  Army  took  over  much  of  the  research  in  1944-45,  and 
the  war  effort  gave  a tremendous  boost  to  the  herbicide  indus- 
try. In  1944,  it  was  botanist  Fanny-Fern  Davis  who  first  put 
2,4-D  to  use  killing  weeds.  She  recognized  the  use  of  the 
herbicide  as  a selective  weed  killer.  Due  to  the  many  persons 
involved  with  the  development  and  subsequent  experimentation 
of  the  chemical,  arguments  concerning  patent  rights  and  credi- 
dation  occurred. 

The  Vietnam  war  brought  about  a significant  amount  of 
criticism  to  the  chemical  Agent  Orange,  a 50-50  mixture  of 
n-butyl  esters  of  2,4-D  and  2,4,5-T  used  to  defoliate  the  dense 
jungle  vegetation  to  prevent  ambushes  by  the  enemy.  The  criti- 
cism led  to  investigations  by  the  National  Cancer  Institute  in 
1964  into  the  possible  birth  defects  and  carcinogenic  potential 
of  the  herbicides.  Although  the  results  from  the  tests  proved 
positive  in  susceptible  species  given  massive  doses,  the  report 
was  kept  confidential  to  avoid  alarming  the  public  with  results 
from  tests  involving  unrealistic  conditions. 

Public  disclosure  of  the  study  brought  out  the  possibility 
that  TCDD,  a contaminant  of  2,4,5-T,  was  responsible  for  the 
birth  defects  found.  Since  2,4-D  did  not  contain  any  known 


amount  of  TCDD,  its  use  continued  without  question.  A con- 
gressional hearing  in  April  of  1970  on  "The  Effects  of  2,4,5-T 
on  Man  and  the  Environment"  was  initiated. 

Within  the  past  three  years,  reports  of  miscarriages  and 
human  birth  defects  began  to  surface  in  those  parts  of  the 
country  where  herbicides  were  sprayed  in  forests,  particularly 
in  the  northwest  region.  Although  no  causal  relationships 
could  be  established  to  link  the  spraying  with  the  miscarriages, 
the  public  took  the  news  to  heart  and  a general  mistrust  of 
the  herbicides  began.  Last  year  in  Mendocino  county,  California, 
voters  passed  an  ordinance  forbidding  aerial  spraying  of  herbi- 
cides. Organizations  in  other  northwest  communities  are 
studying  the  possibility  of  similar  bans. 

On  April  29,  1980,  the  EPA  responded  to  the  situation  with 
an  announcement  that  more  information  from  the  manufacturers 
would  be  needed  to  determine  whether  2,4-D  is  safe  for  humans 
and  the  environment,  and  that  their  agency  would  conduct  a 
review  of  the  information  received.  During  the  first  week  of 
September,  1980,  EPA  set  deadlines  for  filing  results  from 
human  health  studies.  Studies  involving  acute  oral  and  dermal 
toxicity,  metabolism,  neurotoxicity  and  teratogenicity  are 
due  some  time  in  1981.  Reproduction  studies  are  due  in  1982 
and  cancer  studies  in  late  1983. 

Until  the  results  come  in,  EPA  has  placed  no  ban  on  any 
use  of  2,4-D.  Their  present  position  is  that  current  scien- 
tific information  does  not  support  the  need  for  regulatory 
action  at  the  present  time. 
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PHYSICAL  AND  CHEMICAL  PROPERTIES 


Synthesis 

2,4-D  is  one  of  the  most  commonly  used  Chlorinated  Phenoxy- 
alkanic  Acids.  Although  available  in  a variety  of  forms,  most 
commercial  formulations  contain  an  ester  or  a salt.  The  free 
acid  is  seldom  used.  Chemical  and  physical  properties  of  the 
acid  and  some  commercial  formulations  can  be  found  in  the 
Herbicide  Handbook  of  the  Weed  Science  Society  of  America. 


Industrial  preparation  of  2,4-D  involves  a two-step  process. 
First  step  is  the  chlorination  of  the  phenol,  followed  by  a 
reaction  with  chloroacetic  acids  in  the  presence  of  an  aqueous 
solution.  The  esters  are  formed  by  esterification  of  the  acids 
with  the  appropriate  alcohols.  Amines  can  also  be  produced 
from  the  free  acid.  The  herbicide  readily  forms  salts  with 
alkali  metal  ions,  ammonia  and  amines  (NRCC,  1978).  Often 
times,  the  public  has  associated  2,4-D  with  2,4,5-T  in  its 
production  process  and  the  assumption  is  made  that  2,4-D  could 
contain  the  dioxin  TCDD,  a major  contaminant  of  2,4,5— T. 

There  is  an  important  difference  in  the  production  processes. 
2,4,5-T  needs  2 , 4 , 5-trichlorophenol  as  a starting  material. 

When  manufacturing  this  starting  material,  the  toxic  impurity, 
TCDD,  may  be  formed.  (See  Figure  1).  No  comparable  material 


2,4-D 


Cl 
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is  formed  in  the  2,4~D  process  because  of  the  different  con- 
ditions for  the  production  of  the  dichloro,  and  the  trichloro- 
phenol  (MDH,  1978). 


Figure  1 Synthesis  of  2,4-D  and  2,4,5-T 


Formulations 

2,4-D  is  a weak  acid  that  is  slightly  soluble  in  water 
and  petroleum  oils.  The  acid  is  the  active  form  and  as  stated 
is  usually  converted  to  water-soluble  amines  or  oil- 
soluble  esters.  These  formulations  are  then  mixed  with  other 
agents  depending  on  the  intended  use  of  the  herbicides . 

These  include  thickeners,  emulsifiers,  solvents  and  wetting 
agents.  The  strength  of  the  formulation  is  expressed  as 
pounds  of  2,4-D  acid  eguivalents  per  gallon,  or  as  a percent. 
Concentrations  range  from  1 to  80  percent  (HALTS,  1980) . 

Ester  formulations  generally  have  greater  herbicidal 
activity  than  amine  forms.  Esters  are  generally  more  volatile 
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than  salts,  although  low  volatile  formulations  are  manufactured 
and  recommended  for  use  to  decrease  spray  drift.  Herbicidal 
activity  will  be  discussed  further  in  Mode  of  Action. 

Contaminants 

There  is  no  report  in  the  literature  which  cites  TCDD  con- 
tamination in  2,4-D.  There  have  been  reports  though,  concerning 
other  possible  contaminants  of  the  compound  with  other  dioxins. 

A hexa-dioxin  (HCCD)  was  isolated  in  a sample  of  2,4-D  by 
Woolson  et  al. (1972) . The  dioxin  first  became  familiar  as  a 
toxic  chemical  during  the  late  50 's  when  millions  of  commer- 
cially raised  chickens  in  the  United  States  died  after  eating 
commercial  poultry  food  contaminated  with  HCCD.  The  source  of 
the  HCCD  was  the  chlorophenols  isolated  in  fats  added  to  the 
feed.  An  actual  tie  between  this  incidence  and  2,4-D  has  not 
been  shown  in  the  literature. 

Another  dioxin  that  may  be  associated  with  2,4-D  is  2,7- 
dichlorodibenzo-p-dioxon  (DCDD) . This  is  considered  to  be 
only  slightly  toxic.  The  National  Cancer  Institute  has 
completed  its  carcinogenesis  bioassay  on  the  compound,  but 
no  report  has  been  made  as  the  data  was  insufficient  (NIOSH, 
1978) . Other  chlorinated  derivatives  of  phenoxyacetic  have 
been  identified  in  2,4-D  samples.  These  are  bis  (2,4-di- 
chlorophenoxy)  methane,  bis  C2 , 5-dichlorophenoxy)  methane 
and  2 , 2 , 4, 6-tetrachlorodiphenoxy  methane  (HALTS,  1980). 
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BIOLOGICAL  ACTIVITY 


Uptake 

Phenoxy  acids  can  be  absorbed  by  plant  foliage,  roots 
and  soft  stem  tissue  (CAST,  1978) . 

Absorption  into  the  roots  by  soil  application  occurs  in 
a few  plant  species.  The  mechanism  of  movement  seems  to  in- 
volve absorption  by  root  hairs  and  cortex  parenchyma  in  the 
primary  region  behind  the  root  tip.  From  here  the  herbicides 
move  from  the  symplast  where  they  leak  into  the  apoplast  and 
ascend  into  the  foliage  via  the  transpiration  stream  of  the 
xylem  (Ashton  and  Crafts,  1973) . 

Corbin  ot  al . (.1971)  have  shown  that  soil  pH  has  profound 
of foots  on  the  uptake  of  herbicides  by  roots.  Their  experi- 
ments conclude  that  phytotoxicity  increased  as  pH  increased 
and  for  2,4-D,  it  peaked  at  6.5  pH,  Franadez  et  al . (cited  in 
NRCC,  1978)  found  the  accumulation  of  2,4-D  by  roots  in- 
creased when  the  pH  was  lowered,  and  some  of  the  2,4-D  could 
be  lost  again  by  the  roots  to  the  soil.  Once  absorbed  by 
the  roots,  movement  is  somewhat  restricted.  The  herbicide 
may  be  accumulated  within  the  symplast  to  higher  concentra- 
tions than  the  external  medium. 

More  commonly,  the  herbicide  is  applied  to  the  foliage. 
Foliar  uptake  is  essentially  a two-step  process.  The  first 
step  is  entry  into  the  plant.  The  second  step  involves  move- 
ment through  the  plant  tissues  into  the  living  medium.  To 
get  into  the  leaf,  the  herbicide  must  cross  the  waxy  cuticle. 
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which  presents  an  effective  barrier  against  some  herbicide 
formulations.  Ammonium  and  amine  salts  of  the  phenoxy  acids 
penetrate  the  cuticle  more  readily  than  the  sodium  and  potas- 
sium salts.  Lower  pH  of  the  application  medium  allows  the 
free  acid  to  move  quickly  past  the  barrier.  Esters  also 
readily  penetrate  the  cuticle  but  short-chain  alkyl  esters 
do  not  translocate  as  easily  as  esters  made  from  long-chain 
alcohols  (Loos,  1975) . 

Adding  surface-active  compounds  as  emulsifying  agents  may 
increase  toxicity  by  increasing  the  amount  absorbed.  Surface- 
active  compounds  help  dissolve  surface  waxes  and  may  loosen 
the  structure  of  the  cuticle.  Inorganic  ions  seem  to  work 
best  as  an  emulsifier. 

An  increase  in  temperatures  also  promotes  increased 
absorption  and  subsequent  injury  to  the  plant.  High  relative 
humidities  stimulate  the  absorption  and  translocation  whereas 
moisture  stress  in  a plant  reduces  uptake  and  movement. 

Absorption  could  also  take  place  through  the  stomata, 
although  conflicting  reports  make  it  difficult  to  evaluate 
the  importance  of  this  alternate  route.  Some  workers  have 
noted  that  uptake  through  the  stomata  is  possible  but  rela- 
tively unimportant.  Others  claim  that  2,4-D  application  may 
result  in  closing  of  the  stomata  (Ashton  and  Crafts,  1973) . 
More  field  work  is  needed  concerning  active  absorption 
through  plant  stomata. 

Application  via  the  stem  is  also  possible  with  phenoxy 
herbicides.  The  process  is  similar  to  foliar  absorption  in 


7 


green  or  succulent  stems.  Stems  covered  by  bark  require  an 
oil  carrier  when  applied  as  a basal  spray.  An  aqueous  solu- 
tion can  be  used  if  a cut  is  made  in  the  bark  first. 

For  a more  detailed  explanation  of  herbicide  absorption, 
please  refer  to  Mode  of  Action  of  Herbicides  by  Ashton  and 
Crafts . 

Translocation 

Once  past  the  cuticle  barrier,  the  herbicide  can  move 
through  the  plant  by  either  the  symplast,  including  the  sieve- 
tube  system  of  the  phloem,  or  the  non-living  apoplast,  which 
includes  the  cell-wall  system  and  the  conducting  elements  of 
the  xylem.  Movement  with  the  food  supply  (phloem)  is  generally 
found  by  researchers. 

There  is  much  evidence  to  support  the  movement  of  herbi- 
cides from  regions  of  photosynthesis  to  regions  of  active 
growth,  where  the  food  supply  is  needed.  So  active  movement 
of  foods  in  the  plant  is  a requirement  for  thorough  distribu- 
tion of  the  herbicide.  In  mature  plants,  the  phloem-mobile 
herbicide  applied  to  the  upper  foliage  moves  into  the  shoot 
tips,  flowers  and  fruits,  while  the  molecules  applied  to 
lower  leaves  move  into  the  roots.  Those  mature  leaves  that 
are  contributing  to  the  food  supply  are  passed  by.  Transport 
in  seedlings  is  into  the  roots.  The  movement  of  the  herbicide 
from  xylem  to  phloem  and  vis  versa  is  possible  although  not 
common  (NCRR,  1978) . 

The  movement  of  2,4— D and  2,4, 5-T  in  the  phloem  is 
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restricted  compared  with  other  phenoxy  herbicides.  In  the 
phloem,  the  less  mobile  herbicide  compounds  tend  to  accumulate 
in  the  parenchyma  and  move  out  of  the  mainstream.  As  a result, 
the  concentration  of  2,4-D  and  2,4,5-T  in  the  phloem  is  con- 
stantly diminishing,  reducing  the  desired  herbicide  effect  on 
the  plant  (Loos,  1975) . The  more  rapid  the  translocation  pro- 
cess, due  to  increased  food  movement,  the  less  likely  the 
herbicide  will  accumulate  in  the  cells.  V7eed  control  is  best 
achieved  when  the  plant  is  undergoing  vigorous  root  growth, 
with  the  food  moving  rapidly  down  to  the  growing  roots, 
carrying  along  with  it  the  herbicide. 

An  accumulation  problem  also  appears  when  these  herbi- 
cides are  applied  to  the  roots.  They  may  become  bound  to 
living  cells  in  the  roots.  Root  translocation  can  be  a benefit 
to  less  phloem-mobile  herbicides  since  movement  from  roots 
is  via  the  xylem.  When  dosage  is  increased  sufficient  to 
produce  strong  contact  action,  the  herbicides  penetrate  and 
move  rapidly  in  the  transpiration  stream  resulting  in  rapid 
death  of  the  plant. 

Mode  of  Action 

2,4-D  belongs  to  the  large  group  of  plant  growth-regulators 
designated  as  auxins.  Auxin  is  an  organic  substance  which, 
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at  low  concentrations  (less  than  10  M)  promotes  growth  along 
the  longitudinal  axis  of  shoots  and  inhibit  elongation  of  roots 
(loos,  1975) . Phenoxy  acids  are  synthetic  auxins  though,  and 
do  not  always  have  the  same  effects  on  a plant  as  natural 
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auxins  do.  Normal  control  of  growth  is  lost  in  the  case  of 
herbicides,  as  they  do  not  respond  to  those  mechanisms  that 
control  natural  auxin  concentrations.  Phenoxy  herbicides 
can  also  behave  as  antiauxins,  which  prevent  auxins  from 

reacting  in  the  manner  needed  to  trigger  growth  response  in 
the  plant. 

Synthetic  auxins  stimulate  nucleic  acid  and  protein  syn- 
thesis which  leads  to  a further  stimulation  of  cell  growth. 
This  growth  can  be  abnormal.  The  death  of  the  plant  begins 
with  the  suppression  of  normal  apical  growth  along  with  the 
initiation  of  abnormal  axis  growth.  Robertson  and  Kirkwood 
(cited  in  NCRR,  1978)  reviewed  the  research  on  mode  of  action 
and  concluded  that  action  of  phenoxy  herbicides  involves  a 
complex  series  of  reactions  that  begin  with  the  depression 
of  the  gene  regulating  synthesis  of  the  enzyme  RNAase.  This 
results  in  the  syntheses  of  RNA  and  protein  which  in  turn, 
brings  about  "massive"  cell  proliferation.  The  proliferation, 
which  usually  occurs  in  the  stem,  leads  to  the  disruption  of 
the  transpiration  and  translocation  systems,  resulting  in  the 
accumulation  of  assimilate  in  the  shoots  and  starvation  of 
the  roots.  The  vascular  tissues  may  become  so  plugged  as  to 
result  in  lack  of  nutrients  to  areas  in  the  plant  normally 
supplied  via  these  tissues.  The  ability  to  absorb  water  and 
salts  is  affected  by  the  herbicide  as  well  as  inhibition  of 
photosynthesis . 

A summary  of  generalized  effects  are  as  follows:  in 
susceptible  seedlings  normal  growth  pattern  changes  rapidly. 
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meristematic  cells  cease  dividing,  and  elongating  cells  stop 
length  growth  but  continue  radial  growth.  In  mature  plant 
parts,  parenchyma  cells  swell  and  divide,  root  elongation 
stops  and  root  tips  swell,  and  young  leaves  stop  expanding 
and  develop  excessive  vascular  tissues. 

The  herbicides  are  selective  and  the  noticeable  effects 
on  plants  will  vary  with  the  species  treated  and  the  phenoxy 
herbicide  used.  The  selectivity  of  the  phenoxy  herbicide 
varies  in  nature.  Internally,  a plant  may  have  a successful 
means  of  detoxifying  the  compounds,  by  altering  the  mode  of 
action  process.  Difference  in  structural  features  of  two 
plants  may  render  one  susceptible,  the  other  not.  For  example, 
the  effectiveness  of  phenoxy  acids  on  dicotyledonous  and  not 
on  monocotyledonous  plants  could  be  attributed  to  the  phloem 
structure.  Non-effected  monocots  have  their  phloem  scattered 
in  bundles,  surrounded  with  protective  tissue  unlike  dicots. 
Also,  movement  of  the  herbicide  within  the  plant  is  more 
restricted  in  monocots  than  dicots  (Loos,  1975). 

Among  dicotyledons,  resistance  is  determined  by  not  only 
the  rate  or  amount  of  herbicide  uptake  and  translocation,  but 
also  the  metabolism  and  excretion  of  the  herbicide  in  the 
plant.  Excretion  from  the  roots  could  be  a possible  detox- 
ification reaction  from  some  resistant  species.  Plants  which 
rapidly  degrade  or  bind  (conjugate)  the  phenoxy  acid  are 
successful  against  the  actions  of  the  herbicides.  Binding 
the  chemical  with  protein  in  wheat  plants  render  the  herbi- 
cide non-toxic  (NCRR,  1978) . Plants  may  actively  metabolize 
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the  parent  compound  to  nonherbicidal  degradation  products. 
Dexter  et  al. (cited  in  NCRR,  1978)  found  that  in  resistant 
oats,  2,4-D  was  immobilized  in  the  leaves  and  the  unaltered, 
free  2,4-D  was  reduced  to  non-toxic  concentrations.  But  in 
a known  susceptible  species  cocklebur,  2,4-D  remained  free 
and  mobile.  Bromegrass,  timothy  and  orchard  grass  also  con- 
vert 2,4-D  to  a non-lethal  compound. 

The  ability  alone  of  the  plant  to  degrade  or  conjugate 
active  phenoxy  herbicide  does  not  make  the  plant  resistant. 

The  speed  of  the  detoxification  process  is  an  important  factor. 
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NITRATE  ACCUMULATION 


Herbicides  have  been  known  to  have  indirect  effects  on 
livestock.  Some  of  these  include  altering  the  palatability  of 
the  grazed  plant,  making  previously  poisonous  plants  more 
desirable,  or  by  increasing  the  nitrate  in  a plant  to  toxic 
levels  (Way,  1969). 

Some  weed  species  are  ordinarily  unpalatable  to  live- 
stock but  become  palatable  after  treatment  with  herbicides. 
Poisonous  plants  become  an  important  factor  when  livestock 
turn  to  these  species  over  normally  grazed  species.  The  herbi 
cide  in  this  case  does  not  cause  an  increase  in  the  nitrate 
level  of  the  plant,  but  rather  increases  the  use  of  the  plants 
which  were  previously  avoided  due  to  unpalatability . These 
plants  may  naturally  have  a high  nitrate  level  and  therefore 
will  be  toxic  to  the  livestock. 

The  toxic  effects  of  nitrate  are  caused  by  a reduction  of 
nitrate  to  nitrite  and  the  conversion  by  nitrite  of  hemoglo- 
bin in  the  blood  to  methoglobin.  Since  methoglobin  cannot 
give  up  its  oxygen  to  the  tissues,  the  animal  dies  from 
asphyxia  (Frank  and  Grigsby,  1957) . Abortions  in  cattle  have 
also  been  correlated  with  occurance  of  high  nitrate  levels 
in  plants  (Sund  et  al. , 1960) 

Frank  and  Grigsby  (1957)  studied  this  possible  connection 
between  herbicides  and  nitrate  accumulation  in  certain  weed 
species,  testing  some  commonly  used  herbicides,  including 
2,4-D  in  the  isopropyl  ester  form.  The  weeds  were  treated 
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with  sublethal  dosages.  They  determined  that  only  one  weed 
species  out  of  the  14  studied  accumulated  nitrates  due  to 
herbicidal  treatment.  In  general,  they  found  2,4-D  to  have 
a varying  effect  depending  on  the  species  tested,  indicating 
that  is  may  be  species  specific. 

Many  variables,  both  internal  and  external,  determine  the 
amount  of  absorption  and  the  development  of  nitrogenous 
nutrients  in  plants.  Factors  such  as  pH  and  nitrate  concen- 
tration of  the  soil,  light,  temperature,  moisture  and  oxygen 
supply  are  important.  Also  important  is  the  stage  of  growth 
of  the  plant.  It  is  reported  that  the  period  of  greatest 
accumulation  of  nitrate  occurs  during  the  stage  of  growth 
immediately  preceding  the  flowering  stage  (Way,  1969) . 

Adverse  growing  conditions  may  also  cause  nitrate  accixmulation 
in  some  plants. 
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BEHAVIOR  IN  WATER 


2,4-D  will  breakdown  in  water  either  photochemical ly  or 
under  action  of  aquatic  microorganisms.  Degradation  is  depen- 
dent on  water  temperature,  amount  of  light,  aquatic  fauna 
present  (aerobic  or  anaerobic) , water  circulation,  depth  of 
body  of  water  and  pH  of  the  water.  A review  on  detectable 
residues  indicated  that  2,4-D  may  persist  from  three  to  four 
weeks  in  some  aquatic  ecosystems  and  up  to  four  months  in 
others  (NRCC,  1978) . 

Photochemical 

Light  provides  the  energy  for  a variety  of  degradative 
reactions  including  oxidation,  reduction,  and  hydrolysis 
(MDH,  1978). 

The  ester  formulations  undergo  hydrolysis  to  the  acid 
form  and  the  amine  salts  disassociate  in  solution.  Most 
studies  therefore  deal  only  with  the  acid  formulation  as 
the  esters  and  salts  are  readily  broken  down  in  water.  In 
the  laboratory,  the  presence  of  phenols  as  degradation  pro- 
ducts was  found  but  the  ultraviolet  radiation  from  sunlight 
vrould  not  be  expected  to  decompose  2,4-D  to  this  point 
(NCRR,  1978) . Although  much  work  has  been  done  on  photo- 
chemical degradation  in  the  laboratory  with  "simulated  sun- 
light", the  photolysis  of  2,4-D  under  natural  sunlight 
conditions  is  still  unclear.  The  formation  of  phenols  as  a 
degradation  product  has  been  noted  in  laboratory  studies  but 
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not  proven  in  natural  waters  (Loos,  1975).  In  the  natural 
environment,  it  is  difficult  to  differ  between  photochemical 
and  biological  degradation,  although  the  presence  of  light 
increases  the  overall  degradation  process  (Warnock  and  Lewis, 
1978)  . 

Biological 

As  mentioned  above,  environmental  conditions  influence 
the  rates  of  degradation  in  water.  In  shallow,  warm  lakes 
and  streams  which  are  aerobic,  2,4-D  is  not  likely  to  persist 
or  accumulate.  DeMarco  ejt  a^.  (1967)  found  in  warm,  natural 
lake  waters  2,4-D  degraded  within  6 days  as  compared  to  cold, 
anaerobic  water  environments  where  it  persisted  for  up  to 
80  days. 

It  is  reported  that  if  2,4-D  was  to  accumulate  in  the 
water,  one  likely  place  to  find  it  would  be  in  the  sediment. 
Breakdown  of  2,4-D  in  bottom  mud  sediment  was  investigated  by 
Aly  and  Faust  (1964).  They  applied  2,4-D  to  samples  taken 
from  two  lakes.  Lake  A had  been  treated  one  year  earlier  with 
2,4-D  and  Lake  B had  no  record  of  previous  treatment.  Results 
indicated  that  2,4-D  disappeared  from  the  sediment  of  Lake  A 
within  35  days  as  compared  to  65  days  in  the  sediment  taken 
from  Lake  3.  Frank  and  Comes  (1967)  applied  a 20%  granular 
formulation  to  lake  water  and  found  that  it  persisted  longer 
in  the  bottom  sediment  than  in  the  water.  In  cold,  deep 
lakes  where  water  circulation  is  poor,  photolysis  and 
volatilization  are  minimized,  and  only  anaerobic  conditions 
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exist,  persistence  of  2,4-D  in  the  organic  sediments  might 
be  expected. 

Surface  runoff  has  been  cited  as  a 2,4-D  contamination 
source  for  water.  When  herbicides  were  sprayed  in  an  Oregon 
forest,  immediate  concentrations  appeared  in  the  water  from 
the  spraying  operation.  But  during  a nine  month  period 
following  the  spraying,  no  further  indications  of  2,4-D 
persistence  were  found  (Norris,  1967) . This  may  point  to 
the  absence  of  runoff  from  or  leaching  through  the  soil. 

The  opposite  was  found  in  California  when  the  U,S.  Forest 
Service  sprayed  the  Cleveland  National  Forest  with  2,4-D. 

The  herbicide  made  its  way  into  the  San  Gabriel  River  and 
ended  up  in  the  reservoir  system  of  a town  25  miles  from 
the  forest.  Five  years  later,  2,4-D  was  still  detected 
(Warnock  and  Lewis,  1978).  This  clearly  illustrates  the 
mobility  of  the  herbicide. 

Persistence/Residues 

A two  year  monitoring  program  of  pesticides  in  water  was 
conducted  by  the  U.S.  Geological  Survey  at  twenty  sites  on 
major  streams  in  the  western  United  States,  Out  of  the  331 
water  samples,  40  contained  2,4-D  in  concentrations  ranging 
from  0.03  - 0.035  mg/1  (NCRR,  1978).  Waldron  (1974)  found 
no  confirmed  residues  in  either  water  or  sediment  samples 
collected  monthly  for  one  year  in  several  river  systems  in 
Ohio.  Residues  have  been  noted  in  farm  ponds  and  wells  in 
Ontario  (Frank  1970-1974) , Norris  (1967)  found  herbicidal 
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residuss  in  str0arns  locatsd  in  or  adjacsnt  to  sprayad  araas 
of  forastad  ragions  in  Oragon.  The  further  downstream  and 
the  longer  the  post-spray  time,  the  less  detectable  were  the 
residues.  Residues  in  aquatic  fauna  and  bottom  sediment  have 
been  noted.  During  1969,  the  TVA  recorded  2,4-D  levels  of 
.35  ppm  in  the  sediment  as  compared  to  .042  ppm  in  the  surface 
water  three  months  after  application  in  the  Guntersville 
Reservoir  (Warnock  and  Lewis,  1978).  Plankton  has  been 
noted  to  draw  in  2,4-D.  In  the  same  TVA  study,  the  plankton 
was  found  to  have  levels  at  1.1  ppm.  Residues  in  the  plankton 
and  plant  pools  have  been  observed  to  persist  for  up  to 
2-6  months  (Wojtalik  et  al. , 1971). 

The  majority  of  the  studies  reviewed  support  residue 
levels  which  are  low,  if  any,  and  which  have  no  effect  on 
the  environment.  Long-term  studies  are  needed  to  evaluate 
the  effect,  if  any,  repeated  dosage  would  have  on  residues. 
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BEHAVIOR  IN  SOIL 


The  disappearance  of  many  herbicides  from  soils  is  a first- 
order  reaction.  At  any  given  time,  the  rate  of  disappearance 
is  proportional  to  the  herbicidal  concentration  in  the  soil 
(Sheets  and  Harris,  1965). 

2,4-D  in  the  soil  can  affect  the  soil  microorganisms  which 
can  in  turn  influence  soil  fertility.  Subsequent  crops  may  also 
be  affected.  Depending  on  its  fate,  the  herbicide  can  be  leached 
into  waterways  creating  a potentially  dangerous  situation  to 
mammals . 

It  is  generally  accepted  that  the  degradation  of  2,4-D  in 
the  soil  is  primarily  due  to  the  action  of  aerobic  soil  micro- 
organisms. Because  of  better  aeration  and  continuous  supply  of 
nutrients  from  the  plant  roots,  the  largest  numbers  of  micro- 
organisms can  be  found  in  the  upper  layer  of  soil.  Since  2,4-D 
is  not  reported  to  penetrate  in  the  soil  too  deeply,  the  inter- 
action between  the  herbicide  and  degrading  microorganism  is 
maximal  (Torstensson,  1978) . Sterilization  of  the  soil  greatly 
reduces  the  rate  of  degradation  due  to  removal  of  soil  organisms. 
Hernandez  and  Warren  (1950)  applied  2,4-D  to  samples  in  which 
the  soil  had  been  sterilized  and  also  to  a group  of  control  soil 
samples.  In  the  sterilized  soil,  2,4-D  was  still  toxic  at  the 
end  of  12  weeks.  In  the  unsterilized  soil  (control),  2,4-D  was 
inactivated  at  the  end  of  four  weeks. 

The  rate  of  degradation  is  dependent  on  several  factors. 
Warm,  moist  soils  with  a rich  organic  content  present  optimum 
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conditions  for  rapid  degradation  of  2,4-D.  Type  of  soil  is  also 
a factor  in  determining  how  long  the  herbicide  will  remain  in 
the  soil,  allowing  for  microbial  breakdown.  In  general,  any  soil 
types  or  conditions  that  do  not  promote  microbial  populations 
will  not  degrade  2,4-D  efficiently. 

Researchers  have  found  that  when  2,4-D  reached  the  soil, 
there  appears  to  be  an  initial  period  when  degradation  is  minimal, 

if  any.  This  is  followed  by  the  rapid  degradation  of  the  herbicide 
(Audus,  1960). 

The  lag  period  in  which  no  action  is  taking  place  is 
characterized  as  a period  of  growth  and  adaptation  for  the  soil 
microbial  population.  The  microbes  are  incapable  of  metabolizing 
many  of  the  herbicides  immediately.  The  delay  before  degradation 
starts  is  the  time  required  to  form  the  enzymes  that  catalyze  the 
decomposition  of  the  chemical.  The  potential  of  soil  organisms 
to  degrade  phenoxy  herbicides  depends  on  whether  or  not  they 
possess  an  enzyme  system  that  normally  metabolizes  compounds 
related  to  the  herbicides.  If  so,  the  enzyme  needed  for  phenoxy 
decomposition  can  be  formed  from  the  closely  related  enzyme 
already  present  (Mullison,  1970) . Once  the  readied  soil  organ- 
ism begins  to  increase,  degradation  begins  and  accelerates 
according  to  the  exponential  growth  of  the  organism. 

In  untreated  soils,  the  ability  and  numbers  of  organisms 
with  the  potential  to  degrade  the  phenoxy  herbicides  are  low. 

But  once  the  soil  has  been  enriched  in  bacteria  able  to  decompose 
a particular  phenoxyacetic  acid,  the  ability  to  rapidly  degrade 
the  substrate  persists  for  at  least  one  year  in  the  absence  of 


20 


further  degradation  (NRCC,  1978).  Repeated  applications  will 
either  shorten  or  eliminate  the  lag  periods. 

The  "enriched"  bacteria  are  often  capable  of  degrading 
other  phenoxy  acid  substrates.  Soils  that  degrade  2,4-D  could 
also  detoxicate  MCPA.  2,4,5-T  could  not  be  degraded  in  enriched 
soils  previously  treated  with  2,4-D  but  could  in  soils  which 
had  earlier  been  treated  with  MCPA  CLoos,  1975).  The  rates  of 
degradation  of  the  second  molecule  will  be  slower  than  the  rate 
for  the  compound  which  the  microbial  population  was  originally 
developed  for.  Torstensson  (.1978)  maintains  that  adaption  to 
a given  substrate,  for  example,  2,4-D,  also  involves  simultaneous 
adaption  to  all  intermediates  in  the  breakdown  chain. 

Final  products  of  microbial  degradation  are  humic  compounds 
and/or  CO2  and  H2O  and  inorganic  chlorides. 

The  question  of  buildup  from  year  to  year  is  important  to 
growers  who  are  concerned  about  planting  sensitive  crops  in  areas 
sprayed  with  herbicides  a year  or  two  earlier.  According  to 
Sheets  and  Harris  (.1965)  , herbicides  that  exhibit  a lag  phase 
before  microbial  breakdown  are  usually  not  hazardous  to  subsequent 
crops.  Also,  herbicides  which  injure  plants  longer  than  three 
or  four  months  after  application  at  normal  rates  can  be  considered 
a potential  hazard  to  crops  grown  in  rotation.  To  be  safe,  an 
early  application  date  is  advisable.  Spraying  in  the  fall  increases 
the  chances  of  residues  the  next  year. 

2,4-D  is  known  to  leach  to  some  degree  in  soils.  Salts 
leach  more  readily  than  do  amines  (Wiese  and  Davis,  1964). 

Hernandez  et  al.  (1950)  notes  that  the  amount  of  organic  matter 
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in  the  soil  is  an  important  factor  in  determining  the  rate  that 
2,4-D  is  leached  into  the  soil.  In  forested  areas,  leaching 
would  not  be  considered  a significant  factor  for  the  possible 
contamination  of  ground  water  because  of  the  high  organic  con- 
tent of  the  forest  litter.  Helling  (cited  in  NRCC,  1978) 
classifies  2,4-D  as  a relatively  mobile  herbicide. 

Persistence/Residues 

The  persistence  of  2,4-D  in  three  soil  types  was  investi- 
gated by  Altom  and  Stritzke  (1973) . The  average  half-life  of 
2,4-D  was  four  days  while  other  herbicides  tested  were  consider- 
ably longer. 

Norris  (1966),  in  laboratory  studies,  determined  the  persis- 
tence of  2,4-D  in  forest  floor  litter.  He  observed  rapid  break- 
down with  almost  90%  of  the  2,4-D  being  degraded  within  two  weeks 
after  application. 

Repeated  applications  may  reduce  the  length  of  persistence 
of  2,4-D.  Torstensson  et  al.  (cited  in  NRCC,  1978)  reported  soil 
residues  after  the  first  application  of  2,4-D  at  2,25  kg/ha  were 
toxic  to  some  plant  species  for  ten  weeks,  A second  application 
one  year  later  resulted  in  toxic  soil  residues  for  only  seven 
weeks.  Torstensson  et  al.  noted  soil  which  had  been  treated 
for  18  consecutive  years;  the  2,4-D  persisted  at  toxic  levels 
for  only  four  weeks. 

Extreme  dose  levels  applied  to  the  soil  may  overwhelm  the 
microbial  population  resulting  in  much  longer  persistence  periods. 
But,  if  applied  at  recommended  rates  under  normal  field  conditions. 
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2,4-D  would  be  expected  to  degrade  within  a few  weeks  and  would 


not  be  carried  over  to  the  next  season. 
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RESIDUES  IN  THE  ATMOSPHERE 

2,4-D  in  the  air  can  present  potential  problems  to  nearby 
susceptible  crops.  Spray  drift  is  recognized  as  a major  cause 
for  the  presence  of  atmospheric  residues.  Use  of  low-volatile 
formulations  is  recognized  as  a means  of  reducing  the  amount  of 
drift.  Research  on  the  modification  of  the  spray  equipment  as 
a means  to  reduce  drift  is  also  progressing. 

The  levels  of  2,4-D  in  the  atmosphere  are  usually  determined 
during  the  spraying  season.  Grover'  et  al . (1976)  examined 
several  air  samples  from  central  and  southern  Saskatchewan  during 
spray  season  for  2,4-D  residues.  Up  to  50%  of  the  samples  col- 
lected contained  2,4-D  with  butyl  esters  being  found  most  fre- 
quently. Samples  in  one  area  were  collected  during  or  following 
the  two  major  rainfall  periods.  The  absence  of  any  detectable 
residue  suggests  that  the  herbicide  must  be  washed  out  of  the 
air  periodically.  These  results  were  compatible  to  a similar 
study  carried  out  in  the  state  of  Washington  by  Adams  et  ^1 . 
(cited  in  NRCC,  1978). 

In  the  United  States,  two  separate  air  monitoring  studies 
near  16  cities  across  the  country  found  only  three  samples  con- 
taining detectable  levels  of  2,4-D.  These  cities  were  Jordan, 

3 3 

New  York  (0.00115  ug/m  ),  Rome,  New  York  (.0,00154  ug/m  ) and 

3 

Salt  Lake  City,  Utah  (0.004  ug/ra  ).  The  length  of  the  monitor- 
ing period  was  one  year  (Stanley  et^  al . , 1971;  Compton '^t  al. 
cited  in  Grover  et'  al . , 19761. 
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RESIDUES  IN  ANIMAL  TISSUES,  MILK  AND  CREAM 


Concern  of  exposure  of  livestock  to  2,4-D  is  currently 
centered  on  possible  residues  in  the  milk,  meat  by-products  and 
cream.  If  residues  are  found,  this  could  be  evidence  for  bio- 
accumulation of  herbicides.  Presently,  the  general  concensus  is 
that  due  to  rapid  excretion  from  mammals  and  degradation  in  the 
environment,  2,4-D  does  not  bioaccumulate  (HALT,  1980;  Gehring 
and  Betso,  1978;  Mullison,  1970;  MDH,  1978;  NRCC,  1978;  Leng, 

1972)  . 

Leng  (1972)  conducted  feeding  studies  with  2,4-D  and  other 
commonly  used  herbicides  at  levels  from  10  to  2000  ppm  in  the 
total  diet  of  dairy  cows,  beef  cattle,  and  sheep.  Feeding  was 
done  in  intervals  of  two  to  four  weeks  ending  with  one  week  of 
withdrawal  from  treated  food.  After  analysis  of  1300  milk  and 
cream  samples  and  1400  meat  tissues,  only  samples  given  the 
higher  dosage  (1000  ppm)  indicated  some  residue.  But,  after 
one  week  of  withdrawal  of  cows  from  high  (1800-2000  ppm)  dosage, 
no  residues  were  detected  in  most  tissues. 

Only  negligible  residues  (0.1  ppm)  were  found  in  muscle 
and  fat  given  2,4-D  for  four  weeks  and  some  residues  in  the 
liver  and  kidneys  at  doses  at  or  above  1000  ppm.  No  detectable 
residues  (^0.05  ppm)  remained  in  most  tissues  when  animals 
were  given  untreated  feed  for  one  week.  So  phenoxy  herbicide 
residues  decline  rapidly  in  tissues  as  animals  eat  untreated  food. 

Specific  tolerances  set  for  milk,  meat  and  meat  by-products 
are  listed  in  Table  1.  Leng  also  states  that  2,4-D  did  not 
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become  concentrated  in  fatty  tissue  and  that  there  is  no  evidence 
that  phenoxy  herbicides  are  found  in  bound  or  conjugated  form  in 
animal  tissues. 

A related  study  by  Bjerke  et  al.  (1972)  showed  similar 
results  for  milk  and  cream  residues.  Cows  were  fed  a complete 
ration  containing  2,4-D  at  six  levels  from  10-1000  ppm  for  two 
or  three  weeks  at  each  level.  No  residues  were  found  in  the 
milk  or  cream  greater  than  0.05  ppm  at  the  300  ppm  or  lower 
feeding  levels.  At  1000  ppm  level,  an  average  residue  of  0.06 
ppm  was  found  in  the  milk.  Withdrawl  from  the  treated  feed 
resulted  in  rapid  disappearance  of  residues  from  milk.  At  all 
feeding  rates,  residues  reached  a plateau  by  the  second  or 
third  day  of  sampling. 

Residues  of  less  than  0.01  ppm  of  2,4-D  in  milk  were  detected 
in  dairy  cows  kept  out  of  a pasture  one  week  after  it  was  sprayed 
at  double  the  normal  use  rate  with  ester  formulations  (Klingman 
et  al.,  1966).  In  the  same  study,  the  highest  average  concen- 
tration of  2,4-D  residue  found  in  cows  allowed  to  graze  in  the 
pasture  during  the  first  two  days  after  spraying  was  0,03  and 
0.02  ppm  in  the  milk. 

Clark  et  al.  (1975)  also  noted  a decrease  in  residue  levels 
shortly  after  withdrawl  of  animals  from  treated  food.  Cattle 
and  sheep  were  fed  various  herbicides  for  28  days  at  four  dosage 
levels  (0,  300,  1000,  and  2000  ppml . With  the  exception  of  the 
kidneys,  2,4-D  residues  averaged  less  than  1 ppm  in  muscle,  fat 
and  liver  tissues.  They  state  that  because  the  phenoxy  herbicides 
are  excreted  unchanged,  higher  residues  in  the  renal  tissues  are 
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to  be  expected.  Again,  feeding  animals  a herbicide  free  diet 
for  one  week  reduced  the  residues  present  except  for  in  the 
fat  tissue  of  sheep  where  an  increase  in  residue  was  noted. 

The  study  concluded  that  proper  agricultural  use  of  herbicides 
would  not  result  in  harmful  effects  or  in  more  than  a minimal 
residue. 

Morton  et  al.  (1967)  studied  the  persistence  of  several 
popular  herbicides,  including  2,4-D,  on  range  forage  grasses. 
Rainfall  was  considered  the  most  important  factor  influencing 
residue  levels.  Rainfall  increased  the  rate  of  disappearance. 

It  is  generally  thought  that  keeping  the  stock  out  of  sprayed 
areas  for  a one  to  two  week  period  is  good  prevention  against 
the  chance  of  residues  from  exposure.  Residues  on  grass  imme- 
diately after  application  are  not  likely  to  exceed  100  to  150 
ppm  for  each  pound  of  actual  herbicide  applied  per  acre  (Clark 
et  al.,  1975).  Half-life  is  one  to  two  weeks,  depending  on 
geographic  location. 

Chkanikov  (1978)  studied  2,4-D  residues  in  wheat  and  feed 
grains  applied  at  rates  of  1 kg/ha  and  2 kg/ha  respectively. 
During  the  first  days  after  treatment,  the  2,4-D  level  was 
43,5-56  mg/kg.  The  residue  level  halved  during  the  first  week 
after  treatment.  After  three  weeks,  the  level  did  not  exceed 
3-4  mg/kg.  However,  ripe  wheat  grains  contained  up  to  11  mg/kg . 
He  concludes  that  2,4-D  concentration  decreased  in  the  feed 
crops  due  to  dilution,  the  formulation  of  inactive  metabolites 
and  loss  of  leaves. 

The  above  studies  suggest  that  2,4-D  does  not  accumulate 
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in  tissues,  milk  or  cream,  citing  rapid  breakdown  and  subsequent 
elimination  as  the  reason.  But  these  studies  also  use  language 
such  as  "minimal  residues",  "negligible  residues"  and  "in  most 
tissues",  which  casts  some  doubt  on  the  conclusiveness  of  the 
study.  What  is  minimal  or  negligible?  The  question  of  meta- 
bolite residues  has  also  been  brought  up,  along  with  the  possi- 
bility of  residue  buildup  after  extended  exposure  periods. 
Metabolism  of  the  herbicide  will  be  discussed  in  a later  section. 
Concerning  extended  exposure,  available  data  on  toxicity  of  the 
phenoxy  acids  suggest  that  the  toxicity,  including  residue,  is 
mediated  by  attainment  of  a given  level  herbicide,  or  a steady 
state.  Gehring  and  Betso  (1978)  reviewed  available  toxicity 
data  and  concluded  that  the  hazard  from  repeated,  low-level 
exposure  to  the  phenoxy  acids  is  none. 
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TABLE  1 - 2,4— D Tolerances  for  Residues* 


The  U.S.  Government  Code  of  Federal  Regulations  determined 
the  following  tolerances  for  residues  on  raw  agriculture  commod- 
ities, food  and  feed,  A complete  listing  can  be  obtained  from 
the  original  document  40CFR  180.142. 


Apples,  citrus  fruits,  pears 

Fruits,  stone 

Potatoes 

Sugar  cane 

Blueberry,  rice 

Forage  of  barley,  oats,  rye  and  wheat 

Grain  of  barley,  oats,  rye  and  wheat 

Corn  grain  and  fresh  corn  including  sweet  corn 
(kernels  plus  cob  with  husks  removed) 

Vegetables,  leafy  Clettuce,  cabbage,  rhubarb) 

Vegetables,  root  crop  (beets,  carrots,  potatoes) 

Vegetables,  seed  or  pod  (peas,  beans  - all  types) 

Vegetables,  fruiting  (eggplants,  peppers) 

Melon,  pumpkin,  squash  (winter  & summer) 

Kidney  of  cattle,  goats,  hogs,  horses  and  sheep 

Meat,  fat  and  meat  by  products  Cother  than  kidney) 
of  cattle,  goats,  hogs,  horses  and  sheep 

Milk 

Poultry  and  eggs 
Water 


5.0 

ppm 

O.IN 

ppm 

0.2 

ppm 

2.0 

ppm 

0.1 

ppm 

20.0 

ppm 

0.5 

ppm 

0.5 

ppm 

0.5 

ppm 

O.IN 

ppm 

O.IN 

ppm 

O.IN 

ppm 

O.IN 

ppm 

2.0 

ppm 

0.2 

ppm 

0,1 

ppm 

0.05 

ppm 

0,1 

ppm 

* defined  as  in  or  on  raw  agricultural  commodities 
N negligible  residue 
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ABSORPTION,  DISTRIBUTION  AND 
EXCRETION  IN  MAMMALS 

Phenoxy  herbicides  are  absorbed  from  the  gastrointestinal 
tract  and  become  widely  distributed  in  the  tissues  (Paulson, 
1975).  Nothing  in  the  literature  reviewed  contradicts  this. 

More  than  80-85%  of  an  ingested  dose  is  assimilated  by  mammals 
under  most  conditions.  The  efficiency  of  the  system  does  not 
appear  to  be  affected  by  the  magnitude  of  the  dose.  Esters 
may  be  assimilated  less  readily  than  the  acids  or  salts  due  to 
decreased  absorption  from  the  gut  (NRCC,  1978) . 

Once  absorbed  from  the  gastrointestinal  tract,  the  herbi- 
cide is  reversibly  bound  to  plasma  proteins  which  results  in 
their  retention  in  the  plasma  and/or  extracellular  compart- 
ments. When  a single  acute  dose  is  given,  an  equilibrium  is 
apparently  rapidly  established  between  most  tissues  and  the 
herbicide  remaining  in  the  blood  (Gehring  and  Betso,  1978) . 

A consistent  pattern  of  tissuetblood  concentration  ratio  is 
not  always  predictable.  Ratios  may  be  dose  dependent. 

The  major  route  of  elimination  is  via  the  urine,  primarily 
as  the  parent  compound  (MDH,  1978) . Plasma  half-lives  of  3-12 
hours  following  a single  dose  have  been  reported.  Seiler 
(1978)  estimates  half-lives  to  be  10-33  hours  and  that  75-95% 
of  the  substances  are  excreted  within  less  than  96  hours. 

Sauerhoff  et  al.  (1977)  administered  a single  dose  of 
5 mg/kg  of  2,4-D  to  five  male  volunteers.  The  average  half- 
life  was  17.7  hours.  Excretion  occurred  mainly  as  2,4-D  (82.3%) 
with  smaller  amounts  excreted  as  a conjugate  (12,8%). 
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ABSORPTION,  DISTRIBUTION  AND 
EXCRETION  IN  MAMMALS 


Phenoxy  herbicides  are  absorbed  from  the  gastrointestinal 
tract  and  become  widely  distributed  in  the  tissues  (Paulson, 
1975).  Nothing  in  the  literature  reviewed  contradicts  this. 
More  than  80-85%  of  an  ingested  dose  is  assimilated  by  mammals 
under  most  conditions.  The  efficiency  of  the  system  does  not 
appear  to  be  affected  by  the  magnitude  of  the  dose.  Esters 
may  be  assimilated  less  readily  than  the  acids  or  salts  due  to 
decreased  absorption  from  the  gut  (NRCC,  1978) . 

Once  absorbed  from  the  gastrointestinal  tract,  the  herbi- 
cide is  reversibly  bound  to  plasma  proteins  which  results  in 
their  retention  in  the  plasma  and/or  extracellular  compart- 
ments. When  a single  acute  dose  is  given,  an  equilibrium  is 
apparently  rapidly  established  between  most  tissues  and  the 
herbicide  remaining  in  the  blood  (Gehring  and  Betso,  1978). 

A consistent  pattern  of  tissue :blood  concentration  ratio  is 
predictable.  Ratios  may  be  dose  dependent. 

The  major  route  of  elimination  is  via  the  urine,  primarily 
as  the  parent  compound  (MDH,  1978).  Plasma  half-lives  of  3-12 
hours  following  a single  dose  have  been  reported,  Seiler 
(1978)  estimates  half-lives  to  be  10-33  hours  and  that  75-95% 
of  the  substances  are  excreted  within  less  than  96  hours, 
Sauerhoff  et_al.  (1977)  administered  a single  dose  of 
5 mg/kg  of  2,4-D  to  five  male  volunteers.  The  average  half- 
life  was  17.7  hours.  Excretion  occurred  mainly  as  2,4-D  (82.3%) 
with  smaller  amounts  excreted  as  a conjugate  (12,8%). 
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Due  to  the  rapid  elimination  of  2,4-D  in  the  urine,  an 
accumulation  of  phenoxy  acids  in  human  tissues  in  unlikely. 

There  is  evidence  to  support  a steady  state  concentration 
reached  in  humans  within  3-5  days  during  repeated  administration 
(Gehring  and  Betso,  1978;  Sauerhoff  et  al . , 1977). 

Although  urinary  excretion  of  the  acid  occurs  by  an  active 
process,  large  doses  may  overwhelm  this  process.  Until  the 
system  recovers,  it  may  appear  as  though  the  herbicide  is  build- 
ing up  in  the  body.  These  residues  decline  rapidly  with  a half- 
life  of  one  to  two  weeks  (Young  et  al . , 1978). 

There  is  concern  about  the  metabolites  of  phenoxy  acids 
in  mammals.  It  was  once  believed  that  the  herbicide  was  excreted 
unchanged  in  the  urine,  but  now  some  metabolic  products  are  being 
discovered.  The  Minnesota  Department  of  Health  reviewed  a study 
(author  not  mentioned)  where  a presumed  2,4-D  metabolite,  2,4- 
dichlorophenol,  was  identified  in  the  liver  and  kidneys  of  sheep. 

Erne  (cited  in  Paulson,  1975)  reported  that  pigs  excreted 
2,4-D  in  the  urine  primarily  as  the  parent  compound  but  also 
as  an  unidentified  acid  hydrolyzable  conjugate  (s) . Conjugates 
can  be  formed  with  amino  acids  such  as  glycine  and  taurine  and 
glucuronic  acid.  The  formations  of  conjugates  is  dependent 
on  the  dose  applied.  A larger  percentage  of  phenoxy  acid  is 
converted  into  various  conjugated  forms  with  higher  doses. 

In  many  studies  the  identity  of  the  compound  metabolite 
or  conjugate  is  not  determined  due  to  either  the  inability  to 
recognize  the  compound  or  no  attempt  to  identify  it.  It  is 
important  that  all  metabolites  be  identified  in  case  the  meta- 
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bolite  proves  to  be  more  toxic  than  the  herbicide.  Recognizing 
metabolites  will  aid  in  assessing  which  detrimental  effects  are 
produced  by  the  herbicide  alone,  and  which  are  brought  about  by 
metabolic  products  and  conjugates. 

Many  of  the  reported  excretion  studies  use  labelled  14-C 
compounds  to  monitor  the  excretion  process  of  herbicides  in 
mammals.  Data  from  these  experiments  may  be  misinterpreted  in 
the  sense  that  the  reported  labelled  residue  may  refer  to  a 
compound  other  than  the  applied  herbicide.  If  89%  of  urine 
excreted  was  labelled  with  14-C,  a portion  of  that  89%  may  be 
metabolites  or  conjugates,  but  will  be  interpreted  as  only 
the  herbicide.  This  may  be  a factor  in  the  failure  to  identify 
metabolic  products  of  2,4-D  and  other  herbicides  in  some 
studies . 

Concern  has  been  voiced  for  those  who  work  directly  with 
the  herbicide,  such  as  forest  sprayers,  commercial  applicators 
as  well  as  those  indirectly  exposed  to  the  herbicide  from  spray 
drift  or  residues.  In  these  cases,  exposure  is  mainly  to  the 
skin.  The  degree  of  skin  absorption  (percutaneous!  of  a chem- 
ical depends  on  a number  of  factors  which  will  all  vary  with 
some  degree  with  the  individual.  The  area  of  the  body  contami- 
nated is  important.  Absorption  from  the  scrotum  is  complete; 
the  head  and  neck  absorb  two  to  six  times  more  than  the  fore- 
arm (NRCC,  1978).  Solvents  generally  increase  the  absorption 
powers  of  the  herbicides  dissolved  in  them.  Damage  to  the 
skin  may  greatly  increase  absorption. 
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ACUTE  AND  CHRONIC  TOXICITY 


Toxicity  of  herbicides  can  either  be  acute  or  chronic. 

Acute  toxicity  is  the  rapid  response  of  organisms  to  a few 
large  doses  of  the  chemical  received  over  a short  period  of 
time.  Chronic  toxicity  is  the  accumulation  of  effects  resulting 
from  exposure  over  a long  interval  (MDH,  1978) . 

Acute  - Phenoxy  acids  have  a low  to  moderate  acute  toxicity . 

Signs  of  acute  toxicity  include  anorexia,  weight  loss,  depres- 
sion, muscular  weakness,  paresthesia,  peripheral  neuropathy  and 
posterior  paralysis  with  mild  liver  and  kidney  effects  (Gehring 
and  Betso,  1978) . For  animals  including  livestock,  the  symptoms 
usually  follow  a series  of  events.  Locomotory  disturbances 
appear  within  a few  hours.  After  this  comes  difficulty  in 
swallowing  and  general  muscle  weakness,  particularly  in  the 
hindguarters  which  may  develop  into  muscle  spasms  and  inability 
to  coordinate  voluntary  muscular  movements.  The  animal  may  or 
may  not  fall  into  a coma.  Some  animals  die  suddenly,  apparently 
from  ventricular  fibrillation  (NRCC,  1978;  lARC,  1977)  . 

Many  of  the  earlier  acute  toxicity  studies  on  2,4-D  in 
the  40 's  and  50 's  provided  limited  information  besides  LD50 
values.  The  orally  administered  LD50  values  for  various  species 
are  listed  in  Table  2.  In  reviewing  acute  toxicity  of  2,4-D, 
it  is  important  to  remember  that  the  nature  of  the  dose-response 
relationship  varies  with  both  the  chemical  and  the  organism, 
Individauls  within  a species  may  also  vary,  due  mainly  to  age 
and  sex. 
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In  dogs,  toxic  symptoms  were  often  delayed  up  to  six  hours 
following  a single  oral,  lethal  dose.  Death  appeared  to  be  due, 
in  most  cases,  to  hepatic  congestion  or  pneumonia.  Dogs  exhibit 
evidence  of  liver  damage  more  frequently  than  other  animals 
(Drill  and  Hiratzka,  cited  in  Young  et  al. , 1978).  However, 
dogs  have  a lower  capacity  to  excrete  2,4-D  and  so  it  is  more 
toxic  to  them  as  compared  to  other  animals . 

Acute  toxic  doses  of  2,4-D  (765  mg/kg/bw)  produce  fatty 
degeneration  of  the  liver,  spleen,  kidneys  and  heart  in  chickens 
with  similar  effects  in  sheep  and  cattle  (lARC,  1977), 

For  humans,  initial  symptoms  of  exposure  include  irrita- 
tion of  skin,  eyes  and  throat,  weakness,  headache,  nausea, 
sometimes  vomiting  and  occasionally  loss  of  consciousness. 
Workers  in  fields  which  were  previously  sprayed  with  various 
salt  formulations  of  2,4-D  complained  of  these  symptoms  as  soon 
as  one  hour  after  starting  work.  All  cases  recovered  by  the 
next  day  except  for  two  workers  who  lost  consciousness.  They 
recovered  in  four  days.  Even  two  weeks  after  a field  had 
been  sprayed,  farmers  working  in  it  still  exhibited  exposure 
symptoms  (Radionov,  1967) . 

Accidental  exposure  comprises  the  majority  of  reported 
cases.  Reports  range  from  no  effect  to  death,  depending  on 
the  dose,  formulation,  and  means  of  exposure,  A farmer  who 
accidently  ingested  approximately  30  ml  of  2,4-D  concentrate 
developed  muscle  spasms  and  weakness,  generalized  skeletal 
muscle  damage  and  fibrillary  twitching.  Medical  examination 
ruled  out  exposure  to  any  other  herbicide  and  the  composition 
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of  the  ingested  compound  was  known.  By  calculation,  the  patient 
ingested  110  mg/kg/bw  of  2,4-D.  HALTS  (1980)  has  reviewed  four 
published  cases  of  acute  accidental  ingestion  of  2,4-D  only, 
and  reported  various  effects  resulting  in  death  for  two  of  the 
cases  (Nielsen  et  al. , 1965;  Dudley  and  Thapar,  1972;  Berwich, 
1970;  Prescott,  1969), 

The  LD50  for  humans  has  been  estimated  between  80  and  800 
mg/kg,  most  frequently  at  400  mg/kg.  This  is  based  on  only  a 
few  cases  of  human  exposure  and  extrapolation  from  animal  data 
(HALTS,  1980). 

Chronic  - Workers  using  various  salts  and  ester  of  2,4-D 
reported  symptoms  of  rapid  fatigue,  headache,  loss  of  appetite 
and  pains  in  the  regions  of  the  liver  and  stomach.  They  also 
noted  a lower  sensitivity  to  smell  and  taste  (Fetisov,  cited 
in  lARC,  1977).  The  original  report  was  lacking  numerical  data. 
220  workers  exposed  in  a manufacturing  plant  to  a daily  con- 
centration of  30-400  mg  for  periods  ranging  from  0.5-22  years 
were  examined  for  possible  toxic  effects.  No  "meaningful" 
differences  were  noted  in  the  exposed  group  when  compared  to 
a control  group  (Johnson,  1971) . This  study  also  lacked 
supporting  data. 

Young  pigs  fed  500  mg  of  2,4-D/kg  in  diet  for  2 months 
developed  locomotor  disturbances,  increasing  in  severity  after 
one  month.  Decreased  growth  rate  was  reported  (lARC,  1977) . 

No  adverse  effects  were  seen  in  cattle  and  sheep  when 
fed  50  mg/kg/bw  and  100  mg/kg/bw  respectively,  of  a salt  and 
ester  formulation  of  2,4-D.  Doses  were  fed  for  112  days  to 
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the  cattle  and  481  days  to  the  sheep  (Paulson,  1975) , 

It  IS  difficult  to  draw  a conclusion  from  chronic  feeding 
studies,  as  the  results  depend  on  formulation  factors,  length 
of  study  period,  dose  level  and  experimental  animal  used.  There 
are  some  complete  reviews  on  chronic  feeding  studies  in  the  lit- 
erature (Young  e^al.,  1978;  NRCC,  1978;  lARC,  1977;  Paulson, 
1975;  HALTS,  1980). 

Many  of  the  studies  involving  chronic  toxicity  cases  are 
found  in  the  specific  toxicology  report  such  as  mutagenicity 
and  carcinogenicity. 
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TABLE  2 


Acute  Oral  Toxicity  of  2,4-D 


Herbicide 


Formulation 


Species 


2,4-D 


Acid 


Butyl  ester 


Mouse 

Mouse 

Rat 

Rat 

Rat 

Guinea  Pig 
Guinea  Pig 
Guinea  Pig 
Dog 

Chicks 

Mouse 

Mouse 

Rat 

Rat 

Rat 

Guinea  Pig 

Cattle 

Chicks 
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LD  50 
(mg/kg/bw) 

Reference 

368 

Rowe  & Hymas 

(1954) 

375 

Hill  & Carlisle 

(1947) 

375 

Rowe  & Hymas 

(1954) 

<500 

McLaughlin 

(1951) 

666 

Hill  & Carlisle 

(1947) 

<320 

McLaughlin 

(1951) 

469 

Rowe  & Hyma  s 

(1954) 

1000 

Hill  & Carlisle 

(1947) 

100 

Drill  & Hiratzka 

(1953) 

541 

Rowe  & Hymas 

(1954) 

380* 

Konstantinova 

(1970) 

731* 

Rowe  & Hymas 

(1954) 

620* 

Rowe  & Hymas 

(1954) 

920* 

Konstantinova 

(1970) 

1500* 

Schillinger 

(1960) 

848 

Rowe  & Hymas 

(1954) 

< 100 

Bjorkland  & Erne 

1 (1966) 

2000 

Rowe  S Hymas 

(1954) 

TABLE  2 (Continued) 


Acute  Oral  Toxicity  of  2,4-D 


Herbicide 


2,4-D 


* Stupnikov 
solutions . 

Rat 

Mouse 


Formulation 

Species 

LD  50 
(mg/kg-bw) 

Reference 

Sodium  Salt 

Mouse 

360 

Loktionov  et  al. 

(1973) 

Mouse 

375 

Hill  & Carlisle 

(1947) 

Rowe  & Hymas 

(1954) 

Rat 

666 

Hill  & Carlisle 

(1947) 

Rat 

730 

Loktionov  et  al. 

(1973) 

Rat 

805 

Rowe  & Hymas 

(1954) 

Rat 

2000 

Schillinger 

(1960) 

Guinea  Pig 

551 

Rowe  & Hymas 

(1954) 

Guinea  Pig 

1000 

Hill  & Carlisle 

(1947) 

Chicken 

655 

Loktionov  et  al . 

(1973) 

(1972)  tested  the  acute  oral  toxicity  of  butyl  esters  to  mice  and  rats  with  stated 
This  may  explain  the  wide  spread  of  results  of  toxicity  within  mouse  and  rat  species. 


920-1500  mg/kg-bw 
300-  400  mg/kg-faw 
380-  640  mg/kg-bw 


(in  water) 

(in  diesel  fuel) 
(in  water) 


CARCINOGENICITY 


The  National  Cancer  Institute  has  established  policy  in 
determining  if  an  agent  is  carcinogenic.  "There  must  be  a 
significant  increase  in  tumors  in  a particular  tissue  of  a 
specific  pathological  type  (i.e.  liver  carcinoma*)  to  provide 
a significant  demonstration  of  carcinogenicity"  (HALTS,  1980) . 
Some  of  the  studies  done  have  not  met  this  criteria  but  con- 
tinue to  be  quoted  as  evidence.  A careful  look  at  the  results 
of  each  study  is  necessary. 

The  majority  of  studies  have  been  done  on  rats  and  mice, 
with  a few  epidemiological  studies  done  on  human  populations. 
Rats  - The  Federal  Food  and  Drug  Administration  conducted  a 
two  year  feeding  study  on  25  male  and  25  female  rats  (Osborne- 
Mendel  strain)  using  five  dose  levels  in  the  diets  (0,  5,  25, 
125,  625,  or  1,250  mg/kg  of  diet).  The  2,4-D  was  96.7%  pure 
and  contained  no  detectable  dioxins  (sensitivity  1 mg/kg) , 

The  total  number  of  rats  with  malignant  tumors  were  6 in 
the  control  group  then  8,  7,  7,  8 and  14  in  the  treated 
groups  respectively  (Hansen  et  al. , 1971).  The  tumors  were 
not  "target  organ"  types,  located  in  any  particular  tissue 
type.  Instead,  the  tumors  were  randomly  distributed  types, 
commonly  found  in  aging  rats  of  this  strain.  The  number  of 
animals  surviving  the  high  dosage  levels  was  similar  to  the 
control  group  and  lower  doses.  A significant  increase  in 
malignant  tumors  occurred  only  in  the  highest  dose  in  male 
rats  and  this  was  for  all  sites,  not  a particular  tissue. 
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In  females,  there  was  a significant  dose-related  trend  for 
tumors,  both  malignant  and  benign.  The  authors  concluded  that 
because  no  single  dose  level  produced  a significant  increase 
of  a specific  type  of  tumor  in  a particular  tissue,  the  carcin- 
ogenic affect  of  2,4-D  had  not  been  demonstrated  (Hansen  et  al., 
1971) . 

The  study  was  re-evaluated  by  Dr.  M.  Reuber  (HALTS,  1980) 
an  independent  pathologist.  Reuber  found  that  some  neoplasms* 
in  the  rats  may  have  gone  unreported  in  the  original  study. 

His  conclusion  is  that  the  tumors  are  of  target  organ  type  and 
that  2,4-D  is  a carcinogen  in  rats.  The  original  study  and 
subsequent  re-evaluation  form  the  bulk  of  material  on  hand 
concerning  cancer  in  rats, 

- In  a well  known  study  done  by  the  Bionetics  Research 
Laboratories,  mice  were  given  maximum  tolerated  doses  of 
commercial  2,4-D  acid  and  several  esters  for  up  to  18  months 
orally  and  subcutaneous.  Reporting  the  results,  Innes  et  al. 
(1969)  found  no  statistically  significant  increase  in  tumor 
incidence  of  any  type  in  any  sex  or  strain  subgroup,  2,4-D 
was  not  carcinogenic  in  this  bioassay,  but  the  experimental 
design  was  inadequate.  The  time  span  was  only  18  months  and 
the  number  of  mice  used  per  group  (18)  was  inadequate  for 
reliable  detection  of  carcinogenesis,  even  at  higher  dose 
levels  (HALTS,  1980). 

In  a study  cited  by  Young  et  al.  (1978),  nice  given 
injections  of  highly  purified  2,4-D  at  rate  of  62  mg/kg 
effectively  inhibited  development  of  a particular  tumor  type 


9 


40 


found  in  this  strain  of  mice. 

The  International  Agency  for  Research  on  Cancer  (lARC) 
stated  in  their  1977  Monograph  that  all  animal  studies  had 
limitations  either  due  to  inadequate  reporting  or  to  the  small 
number  of  animals  used.  They  concluded  "...  no  evaluation  of 
the  carcinogenicity  of  this  compound  (2,4-D)  could  be  made". 
Humans  - It  is  difficult  to  isolate  2,4-D  exposure  only  in 
epidemiological  studies  because  people  are  exposed  to  a number 
of  chemicals  in  their  lifetime,  some  of  which  may  also  be  toxic. 

In  1974,  Axelson  and  Sundell  reported  that  among  Swedish 
railroad  workers  exposed  to  different  herbicides,  a significant, 
two-fold  excess  of  all  cancers  was  observed  in  the  workers  as 
conpared  to  the  national  average.  The  specific  role  of  2,4-D 
was  uncertain  in  this  instance  because  workers  were  also 
exposed  to  2,4,5-T  and  amitrole.  At  first,  the  excess  cancer 
was  attributed  to  the  amitrole  and  that  exposure  to  the  phenoxy 
acids  showed  normal  tumor  incidence  (5  cancers  at  all  sites 
observed  versus  2.8  expected).  The  authors  re-examined  the 
data  in  1977  and  sorted  out  the  effects  of  amitrole  exposure. 
They  found  a significant  (P<0.05)  trend  indicating  a clear 
relationship  with  increasing  exposure  to  phenoxy  acids.  The 
lARC  concluded  that  the  results  of  this  study  were  not  enough 
to  evaluate  the  carcinogenicity  of  2,4-D  since  it  was  used 
with  2,4,5-T  which  is  contaminated  with  a known  toxic  dioxin. 

Harden  and  Sanstrom  (1979)  found  an  increased  risk  for 
soft  tissue  sarcomas*  related  to  phenoxy  acids  (2,4-D,  2,4,5-T) 
and  chlorophenols.  It  is  not  possible  to  show  a specific 
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effect  for  2,4-D  since  many  of  the  exposed  individuals  were 
also  exposed  to  2,4,5-T.  Lung  cancer  in  pesticide  exposed 
agricultural  workers  in  Germany  was  20  times  higher  than  the 
expected  incidence  for  specific  age  groups,  but  again,  exposure 
was  to  many  different  pesticides. 

Seiler  (1978)  cites  a study  in  Sweden  involving  mesenchymal 
tumors  in  persons  with  a known  history  of  massive  exposure  to 
phenoxy  acids  over  periods  of  10-20  years.  On  the  national 
average,  more  women  in  Sweden  were  diagnosed  with  mesenchymal 
tumors  than  men.  But  in  the  study  area,  the  male  patients 
outnumbered  the  females  nearly  two  to  one. 

Dogs  - One  other  animal  study  is  mentioned  in  the  literature 
concerning  cancer  in  lab  animals.  A two-year  feeding  study 
done  by  Hansen  et  al . (.1971)  did  not  produce  any  significant 
neoplasms  in  dogs  given  doses  of  10,  50,  100,  and  500  ppm. 

In  reviewing  the  study,  HALTS  (1980)  claimed  there  were  design 
flaws  in  the  experiment  including  too  few  animals  used  per 
dose  group  and  short  exposure  time  of  only  two  years.  They 
state  that  in  cancer  bioassays,  the  dose  should  be  administered 
over  at  least  3/4  of  the  test  animals  life,  which  would  be 
6-9  years  in  dogs. 

There  is  no  conclusive  data  which  states  that  2,4-D  is 
3 c^^cinogen.  At  this  point  in  time,  it  is  only  suspected  as 
being  carcinogenic.  Most  authors  agree  that  continued  caution 
with  use  is  the  best  course  of  action  until  further  studies 
can  be  done  with  laboratory  animals  and  more  information  from 
epidemiology  studies  comes  available. 
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* carcinoma 

* neoplasms 

* sarcoma 


malignant  tumor  which  arises  in  epithelial 
tissue  or  lining  and  covering  tissue, 

a new  growth  of  tissue  serving  no  physiologic 
function;  tumor, 

a malignant  tumor  which  affects  non-epithelial 
tissue  such  as  connective  tissue^  lymphoid 
tissue,  cartilage  and  bone. 
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MUTAGENICITY 


A mutagen  is  defined  as  any  inherited  alteration  in  the 
genetic  material.  For  a substance  to  act  directly  as  a mutagen, 
it  must  interact  with  DNA,  directly  or  indirectly  by  affecting 
a component  in  the  DNA  system.  The  mutations  create  a diver- 
sity of  effects.  Dominant  mutant  genes  can  show  up  as  fetal 
death,  sterility,  abnormal  numbers  of  fingers  and  toes.  Re- 
cessive mutations  may  not  be  expressed  for  several  generations. 

2,4-D  has  been  tested  for  mutagenicity  in  at  least  11  different 
assays  including  those  using  bacterial,  yeast,  plant  and 
mammalian  systems. 

Mutagenic  activity  in  microorganisms  would  confirm  the 
phenoxy  acid  interaction  with.  DNA  synthesis.  The  bacterial 
tests  have  all  been  negative  up  to  this  point.  Many  of  the 
experiments  were  spot  tests  and  so  they  may  not  have  been  as 
sensitive  as  other  assay  methods  and  could  not  therefore 
detect  a weak  genetic  activity  ('Seiler,  19781, 

Yeast  tests  have  given  both  negative  and  positive  results, 

2,4-D  induced  respiration  deficiency  which  can  be  considered 
a small  or  "petite"  mutation.  Other  experiments  yielded  no 
effects.  The  contradiction  may  have  been  solved  when  it  was 
discovered  that  yeast  mutagenicity  by  phenoxy  acid  was  depen- 
dent on  the  pH  that  the  yeast  cultures  were  treated  at.  Since 

2,4-D  is  a weak  acid,  at  a lower  pH  a greater  percentage  of 
the  compound  is  in  the  undissociated  form  and  may  more  easily 
enter  the  cells.  This  may  explain  why  bacterial  tests  were  all 
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negative  as  most  experiments  done  with  bacteria  were  done  at 
a neutral  pH  (pH  7)  and  so  not  much  of  the  2,4-D  may  have  been 
able  to  penetrate  into  the  cell  (Zetterberg,  1978)  . 

In  higher  organisms,  assay  results  were  also  positive. 

For  Drosophila  melanogastfer  (fruit  flies) , sex-linked  recessive 
lethality  is  known  to  be  the  most  sensitive  technique  in  muta- 
tion detection.  In  this  system,  2,4-D  had  a significant  but 
weak  mutagenic  activity  (HALTS,  1980).  The  dominant  lethal 
mutations  are  negative  probably  due  to  lack  of  sensitivity. 

To  detect  mutagenicity  in  mammalian  systems,  the  testing 
looks  for  chromosomal  breakage  which  can  be  found  in  various 
forms.  Human  lymphocyte  cell  cultures  were  studied  after 
applying  2,4-D  to  the  culture.  Negative  as  well  as  positive 
results  were  found.  The  positive  results  showed  more  chromatid- 
type  aberrations  than  chromosomal  aberrations  by  a ratio  of 
4:1  (Pilinskaya,  as  cited  in  Seiler,  1978). 

Yoder  et  al.  (1973)  carried  out  an  epidemiologic  study 
on  a group  of  workers  highly  exposed  to  2,4-D,  2,4,5-T, 
amitrole  and  atrazine.  They  were  divided  into  a control  group 
and  an  exposed  group.  Testing  continued  for  one  year.  Chro- 
matid breakage  was  greatly  enhanced  in  the  exposed  group 
during  spraying  season.  During  the  off  season,  the  exposed 
group  had  fewer  chromatid  gaps  and  breaks.  The  probability 
Qf  2,4-D  being  an  inducer  of  chromosomal  aberrations  is  shown. 
It  must  be  kept  in  mind  though  that  other  chemicals  were  also 
used. 

With  mice,  most  investigations  report  positive  findings 
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concerning  chromosome  breakage  under  the  influence  of  2,4-D. 

NO  effects  were  observed  in  rats.  Young  et  al.  (1978),  after 
reviewing  the  literature  on  the  mutation  potentials  of  2,4>D 
in  animals  concluded  that  2,4>D  did  not  increase  mutation  rates 
nor  stimulate  a mutagenic  response  in  rats  or  mice. 

The  preliminary  results  from  an  experiment  conducted  by 
Korte  and  Jalal  (1979)  with  the  Norway  rat  and  the  house  mouse 
show  breaks  and  gaps  in  the  chromosomes  along  with  varying 
levels  of  coiling  and  banding.  Partially  banded  chromosomes 
were  particularly  frequent  at  lower  concentrations  of  2,4-D, 

The  authors  also  believe  that  the  facts  are  leading  to  2,4-D 
as  a potential  mutagen  to  human  lymphocyte  cells  In' culture 
at  the  50  ug/ml  level  or  higher. 

Seiler  (1978)  states  that  phenoxy  acids  do  influence 
nucleic  acids  and  their  synthesis,  and  goes  on  to  say  that 
more  information  is  needed  on  the  penetration  of  phenoxy  acids 
into  cells  of  different  types.  Until  then,  the  acids  can  be 

considered  as  potential  mutagens  but  this  evaluation  is  only 
tentative. 

It  is  important  to  generate  more  information  on  the 
possible  mutagenic  effects  of  2,4-D  because  if  something  is 
considered  mutagenic,  it  is  also  suspected  of  being  carcino- 
genic. 
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NEUROTOXICITY 


Peripheral  neuropathy  has  been  reported  to  occur  in  cases 
of  acute  and  chronic  exposure  incidents.  Usually  the  circum- 
stances involve  dermal  exposure  to  an  herbicide.  The  following 
will  be  directed  toward  2,4-D  exposure.  In  most  cases  there 
was  no  attempt  to  wash  off  the  herbicide.  Only  a few  cases 
have  been  reported  while  other  potential  cases  may  go  undiag- 
nosed. 

Early  symptoms  vary  with  the  individual.  In  some  cases 
headache,  nausea,  vomiting  and  abdominal  cramps  were  reported 
within  one  to  two  days  after  exposure.  In  other  cases  initial 
symptoms  were  absent.  One  to  two  weeks  following  the  initial 
exposure,  numbness  and  aching  of  the  toes  and  fingers  began, 
followed  by  increasing  motor  and  sensory  deficits  in  all 
extremities,  usually  more  pronounced  in  the  lower  and  distal 
extremities.  Temporary  paralysis  was  also  noted  in  some 
cases  but  paralysis  could  last  up  to  two  years,  Recovery  from 
these  exposures  was  generally  slow,  and  sometimes  incomplete. 

In  their  report  on  the  human  health  hazards  of  2,4-D, 
the  California  Department  of  Health  Services  (HALTS,  19 80) 
describes  the  mechanism  of  peripheral  neuropathy  by  the  destruc- 
tion of  peripheral  nerve  axons.  The  loss  of  nerve  axons  begins 
distally  and  then  ascends.  Recovery  is  the  regrowth  of  these 
axons.  Nerve  biopsy  reveals  destruction  of  individual  fibers 
and  conduction  times  for  the  nerves  are  normal  or  slightly 
below  normal. 
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In  the 


The  central  nervous  system  can  also  be  affected, 
case  of  a 23  year  old  who  conanitted  suicide  by  ingesting  2,4-D, 
severe  degenerative  changes  of  the  ganglion  cells  were  found 
in  the  central  nervous  system  (Nlelsen^t  al..  1965).  This 
was  not  cited  as  cause  of  death, 

2,4-D  exposure  has  been  linked  to  most  reported  cases  of 
peripheral  neuropathy  following  herbicide  exposure.  A farmer 
who  repeatedly  used  his  bare  hands  to  unplug  his  weed  sprayer 
complained  of  symptoms  of  stiffness  of  hands  and  knees  along 
With  numbness  of  extremities  as  noted  above.  The  diagnosis  was 
primarily  sensory,  peripheral  polyneuropathy,  probably  produced 


by  a 40%  solution  of  2,4-D  (MDH,  1978), 

In  some  cases  of  reported  neuropathy,  2,4-D  was  used  in 
combination  with  another  compound.  Forestry  workers  spraying 
a mixture  of  2,4-D,  picloram  and  ethylene  glycol  (Tordon  101-R' 
were  daily  ,dermally  exposed  to  the  herbicide.  One  worker 
sprayed  himself  in  the  face  and  neck  and  became  ill  with 
general  symptoms  of  herbicide  poisoning.  Within  one  week  he 
developed  a severe  neuropathy  CHALTS,  1980).  The  worker  was 
the  only  one  affected  by  the  spraying.  This  may  have  been 
due  to  his  increased  direct  exposure  when  he  sprayed  himself, 
or  a greater  susceptibility  to  the  herbicide  for  some  unknown 


reason. 

Goldstein  et_al.  (cited  in  NRCC,  1978)  described  three 
cases  of  2,4-D  ester  dermal  exposure  and  concluded  that  the 
2,4-d  caused  the  peripheral  nervous  disorders  found,  m one 
instance,  paralysis  persisted  for  several  years.  Motor  and 


48 


sensory  nerves  were  affected.  No  attempt  was  made  to  describe 
the  manufacturing  or  purity  of  the  ester  solution  so  a cause- 
effect  relationship  cannot  be  made. 

Those  who  work  with  the  herbicide  are  typically  exposed  by 
absorption  through  the  skin.  The  amount  absorbed  may  vary  with 
the  individual  depending  on  their  susceptibility,  the  chemical 
formulation,  exposure  to  other  parts  of  the  body  and  increased 
exposure  due  to  damage  to  the  skin . 

No  dosage  level  has  been  determined  for  the  initiation  of 
neurotoxic  symptoms.  Many  claims  have  been  made  against  2,4— D 
and  its  ability  to  produce  a variety  of  neurotoxic  symptoms. 

In  reviewing  the  literature,  it  is  important  to  get  all  the 
facts  surrounding  the  exposure  incident  including  formulation 
and  type  of  exposure  and  whether  or  not  a medical  examination 
was  done  on  the  subject.  Some  people  have  claimed  numbness  of 
legs  and  hands  after  kneeling  in  a garden  wet  with  2,4-D.  No 
evidence  of  any  type  of  examination  could  back  up  the  claim  in 
the  report.  Most  authors  advocate  more  research  in  the  area 
of  dose-related  responses  in  humans  regarding  neurotoxicity 
and  agree  that  the  information  available  is  incomplete.  Never 
theless,  the  possibility  of  2,’4-D  inducing  neurotoxic  symptoms 
does  exist. 
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TERATOGEN IC XT Y/EMBRYOTOXI C I TY 


The  Minnesota  Department  of  Health  defines  teratogenic  as 
a developmental  disturbance  in  the  embryo,  resulting  in  congeni- 
tal malformations.  They  define  embryotoxic  as  any  harmful  effect 
on  the  embryo  or  fetus.  EPA  states  that  feto  or  embryotoxicity 
includes  teratogenicity  (U.S.  EPA,  1980).  Common  examples  of 
fetotoxicity  are  reduced  fetal  weight  and  prenatal  survival, 
abnormal  organ  weight,  delayed  growth  and  maturation,  and  Increased 
fetal  abortions,  resorptions  and  stillbirths.  Teratogenicity 
includes  grossly  observable  birth  defects  such  as  cleft  palate, 
club  foot,  and  exemcephaly,  also  internal  defects  such  as  extra 
ribs  or  changes  in  kidney  structure.  The  use  of  these  two  terms 
is  not  always  consistent  and  there  exists  an  annoying  problem 
of  semantics.  What  Dow  Chemical  Company  considers  embryotoxic, 
other  groups  consider  teratogenic,  or  there  may  be  no  discrimi- 
nation between  the  two  terms  at  all:  Interpreting  studies  and 


reviews  on  teratogenicity  and  fetotoxicity  need  to  be  done 
carefully,  keeping  in  mind  possible  term  dlscrepencies , Gen- 
erally the  studies  describe  possible  adverse  effects  on  the 
developing  fetus.  A reference  to  the  abnormality  found  and 

what  the  investigator  labels  it  will  be  made  in  the  following 
studies . 

Hats  - The  most  commonly  cited  study  in  the  literature  is  that 

of  Schwetz  et_al.  (1971).  The  study  included  oral  adminis- 
tration of  the  acid  formulation  of  2,4-D  to  pregnant  rats  at 
levels  up  to  87.5  mg/kg-bw/day  on  days  6-15  of  gestation.  The 
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results  were  fetal  anomalies  such  as  wavey  ribs,  decreased 
fetal  body  weight,  delayed  ossification  of  bone  and  edema. 

The  author  interpreted  these  as  fetotoxic  manifestations. 
Teratogenic  effects  were  not  observed  at  any  dose  level,  2,4-D 
did  not  effect  gestation,  viability,  or  lactation.  This  study 
established  a no-effect  level  of  25  mg/kg,  but  other  studies 
have  indicated  levels  up  to  50  mg/kg  as  having  no-effect, 

Single  oral  doses  of  100-15Q  mg/kg/day  of  2,4-D  were 
given  to  laboratory  rats  on  days  6—15  of  gestation.  Skele- 
tal anomalies  and  tissue  damage  were  noted  especially  at  the 
higher  doses  (Khera  and  McKinley,  1972} , The  anornalies  in 
this  study,  which  were  labelled  teratogenic,  were  referred  to 
as  fetotoxic  in  Schwetz  et  al. 

If  the  dose  level  given  was  not  enough  to  affect  fertility 
or  litter  size,  the  pups  were  usually  extremely  weak,  reduced 
in  size  and  weight  at  birth  and  commonly  did  not  survive  to 
weaning . 

Mice  - The  problem  of  strain  related  effects  or  formulation 
related  effects  add  to  the  variation  of  results  in  most  test 
animals.  At  the  Bionetics  Research  Laboratory  (Innes  et  al . , 
1969),  subcutaneous  doses  of  2,4-D,  including  the  esters, 
were  given  to  several  strains  of  mice  at  levels  between  24 
and  106  mg/kg-bw/day • Doses  were  given  on  days  6-15  of  ges- 
tation. Teratogenic  responses  were  evident  such  as  cleft  palate, 
small  or  no  eyes,  club  foot  and  abnormal  kidney  formation.  Of 
the  several  strains  of  mice  used,  no  single  strain  was  affected 
by  all  the  test  compounds  and  no  single  formulation  caused  a 
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positive  response  in  all  strains  So  <-h 

s-  So,  the  reported  results 

were  very  strain-specific. 

Courtney  (1977)  established  a specific  teratogenic 

response  (cleft  palates)  for  both  the  ester  and 

^nd  the  acid  forms 

2.4-0.  Assuming  a LO50  of  400  .g/,, 

given  represented  about  1/4  - 1/2  the  1,050. 

The  „o-effect  level  (NOEL)  is  apparently  very  high  and 

level  of  any  potential  environmental  exposure.  Level 
at  Which  teratogenic  effects  are  thought  to  begin  to  appear  in 

are  at  least  one  hundred  fold  above  the  allowable  daily 

intake,  cited  bv  the  ti  q i a-u 

- . Health,  Education  and  Welfare  Oepart- 

-nt  (MOH.  1010).  in  general,  the  „ini.al  doses  reguired  to 

adversely  affect  offspring  in  rodent  species  fall  between  1/g 

and  1/2  of  LO50.  Teratogenic  effects  are  et,  e ■ 

eirects  are  observed  with  doses 

Close  to  those  which  cause  maternal  toxicity.  2,4-D  is  a 

"weax  teratogen"  compared  with  other  phenoxy  herbicides  (2,4, 5-T 
in  rodent  species  (HALT,  1980) . 

«H!!anS  - Because  2,4-D  is  usually  associated  with  2,4,5-T  and 
ats  dioxin  Which  is  Xnown  to  cause  birth  defects,  many  people 
eve  that  2,4-D  can  inrtlate  toxic  effects  during  human 
fetal  development,  ht  this  time,  no  information  on  related 
human  birth  defects  and  2,4-D  are  available. 
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TOXICITY  TO  BEES 


Herbicide  toxicity  to  bees  involves  more  than  direct  ex- 
posure of  the  bees  to  the  herbicides.  The  effects  of  the 
herbicides  on  nectar-producing  plants  and  the  contamination  of 
their  drinking  water  also  figure  into  the  problem. 

;i/hen  bees  were  directly  dusted  with  2,4-D,  no  adverse 
effects  were  noted.  Nowever ^ after  aerial  spraying  a field 
containing  nectar-producing  plants,  some  mortality  did  occur. 
These  results  lead  Palmer"— Jones  (JL9  64)  to  conclude  that  poison- 
ing of  the  bees  was  through  the  uptake  of  nectar.  It  was  not 
clear  if  the  mortality  was  due  to  the  direct  poisoning  of  the 
nectar  by  the  herbicide,  or  whether  abnormal  plant  growth 
following  the  spraying  altered  the  nectar  chemistry,  making  it 
toxic  to  the  bees.  King  (1969)  found  that  radioactive  2,4-D 
can  be  translocated  to  the  nectar  of  Poinsettia  and  red  clover 
plants,  with  detection  still  possible  after  two  to  three  days. 

Bee  colonies  sprayed  with  phenoxy  herbicides  using  oil 
as  a carrier  caused  toxic  effects  and  mortality . Those  herbi- 
cide formulations  using  water  as  a carrier  had  non-toxic  effects, 
suggesting  that  the  oil,  as  a carrier  in  phenoxy  herbicide 
formulations,  may  be  more  toxic  to  the  bees  than  the  herbicide 
itself  is  (Moffett  et  al. , 1975).  They  concluded  that  2,4-D  and 
2,4,5-T  are  relatively  non-toxic  to  honey  bees.  A feeding  study 
by  King  (1969)  using  2,4-D  in  a sugar  water  solution  resulted 
in  no  apparent  detrimental  effects  to  the  bees. 

Loss  of  bees  can  also  occur  indirectly  through  reduced 


53 


9 


brood  rearing.  Moffett  et^.  (1975I  cite  a feeding  study 
relating  dosage  levels  to  the  nimiber  of  young  raised.  Brood 
rearing  was  reduced  at  feeding  levels  of  100  ppm  and  completely 
ceased  at  500  ppm.  When  feeding  of  the  phenoxys  stopped, 
brood  rearing  returned  to  normal.  Inclusion  of  2,4-D  to  the 
bees'  water  supplies  brought  about  the  same  effects.  if  another 
source  of  water  is  available  nearby  which  is  not  contaminated 
with  herbicides,  the  bees  will  ignore  phenoxy-contaminated 
water  and  drink  only  from  the  other  source. 

Residues  of  2,4,5-T  were  found  in  honey,  bees  and  wax  in 
small  amounts  for  more  than  one  year  after  discontinued  use  by 
the  bees  of  contaminated  water.  The  concentration  of  2,4,5-t 
in  this  water  was  1000  ppm,  a level  far  above 
under  normal  circumstances  (Morton  et  al. , as 
1975) . 


the  10  ppm  expected 
cited  in  Moffett, 
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